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K± BACKWARD PRODUCTION 
IN pA INTERACTIONS AT 15-65 GeV 

O.P.Gavrishchuk, V.F.Peresedov, L.S.Zolin 

The invariant cross sections of the yield of x+ and x- mesons are measured 
at an angle of IS9• on 6 nuclear targets (Be, C, AI, Tl, Mo, W) at an incident 
proton energy from IS to 6S GeV. The momentum spectra ofkaons are measured 
by the method of thin target on an internal beam of the Serpukhov proton 
accelerator UHEP) . The kaon spectra are investigated in a momentum interval 
from 3SO to 800 MeV /c what corresponds to the range of the light cone variable 
a= I+ 1.9. The A-dependence of the x+ and x- cross sections is essentually 
different: a"(W)/ a" (Be) is equal to - I 0 for x+ and about 2 for x-. The ratio R 

of the x+ and x- yields demonstrates a weak dependence on a, but it grows 
substantially with increasing A: R(Be)- 10 and R(W)- SO. In the frame of the 
Fluctuon Fragmentation Model, R(a, A) can be connected with the redistribution 
of valent and sea quarks in the nucleus (in particular, with the reinforcement of 
the quark sea in fluctuons). 

The investigation has been performed at the Laboratory of High Energies, 
JINR. 

BHXOA K± aaaaA s pA-saanMOAeHCTBH51X npu 15-65 f3B 

raspu m;yK O.ll.;llepeceAOB B. <I>., 30JIHH JI.C. 

H3MepeHbl HHBapHaHTHble Ce'leHHII po~eHHII K+- H K- -Me30HOB DOA yr­
JIOM IS9• Ha wecrH IIAepHbi.X MHweHax (Be, C, AI, Ti, Mo, W) npH :~HepntH 
naAaiOII\HX npoTOHOB- OTIS AO 65 J3B. Hr.tnyJibCHble cneKTpbl KaOHOB H3Me­
peHbl C HCDOJib30BaHHeM MeTOAB TOHKHX BHYTpeHHHX MHWeHeA H8 BHJTpeHHeM 
ny'IKe DpoTOHHOI"O CHHXpoTPOH8 HcJ»B3 (CepnyXOB). CneKTpbl KaOHOB HCCJie­
AOBaHbl B HMnyJibCHOM HHTepBaJie OT 3S0 AO 800 M:~B/c, 'ITO COOT&eTCTayeT 
HHTepBaJiy 3Ha'leHHH neper.teHHOH caeToaoro cj>poHTa a= 1-1.9. A-38BHCH­
MOCTb Ce'leHHA AJIII K+ H K- CYII\ecT&eHHO pa3JIH'1Ha: aK.{W)/ax{Be) paBHO 10 

AJIII K + H OKOJIO 2 AJIII K-. 0THOWeHHe R Bbi.XOAOB K+ H K- AeMOHCTpHpyeT 
cna6y10 3aBHCHMOCTb OT a, HO cyll\eCTBeHHO pacTeT c y&eJIH'IeHHeM A: 
R (Be) = I 0 " R(W) = SO. B paMKax MOAeJIH cj>paNeHTaU.HH cj>.nyKyYOHOB 
R(a, A) MOJKeT 6b1Tb CBII38HO C nepepacnpeAeJieHHeM BaJieHTHbi.X H MOpcKHX 
KBapKOB B 11Ap8X (B '18CTHOCTH, C ycHJieHHeM KBapKOBOI"O MOpll BO cj>.nyKyYOHax). 

Pa6oTa BblnOJIHeHa a Jla6oparopHH BbiCOKHX :~HepmA OH.SIH. 

The production of high momentum mesons (q 2: 0.5 GeV /c) at angles 
close to 180" in nuclear fragmentation under the influence of high energy 
beams is not an ordinary phenomenon because it cannot be explained within 
the framework of the simplified model of the nucleus with quasi free nucleons. 
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One of the approaches used to explain this phenomenon arises from the 
hypothesis of interaction of a projectile with a density fluctuation of nuclear 
matter-fluctuon. This formation can be presented either as a multinucleon 
cluster (I ) or as multiquark configuration (2,3) or as a few-nucleon cor­
relation (4 ). Constituent quarks of the fluctuon form a generalized mul­
tiquark system, and one of its quarks-partons can carry a momentum which 
is in the limit equal to the total momentum of all nucleons involved in such 
formation. We call hadrons, products of fluctuon fragmentation, <<cumu­
lative» according to [5 ). 

Using the model based on the hypothesis of the pres nee of multi­
quark configurations in nuclei, a successful quantitative r production of 
the spectra of cumulative pions has been made (6 ). Ther has been no 
detailed comparison of model predictions with experimental data for ka­
ons and antiprotons until recently. On the one hand, this was connected 
with insufficient data for K-- and /}-production at ():::::: 180. and, on the 
other hand, cross section calculation for «Sea» cumulative particles 
(K-, p) not containing valence quarks of the nucleus requires grounded 
notions about properties of the quark sea in nuclei. 

In our experiment (7 ,8 ) we have measured ·differential ·production 
cross sections for positive and negative kaons at an angle of 159• (lab. 
system) in proton-nucleus collisions at a . proton energy from 15 to 
65 GeV. The experiment was carried out on an internal beam of the 
IHEP proton synchrotron (Serpukhov). Six types of targets were used: 
Be, C, AI, Ti, Mo and W. The targets were prepared in the form of 
thin wires <¢ < l 00 ,u) to provide a multiple circulation of the internal 
proton beam across the target. This made it possible to take data on 
an increasing magnetic field of the accelerator and to have long runs 
without obstacles for the other users. The latter is important because 
of very small cross sections for backward cumulative particle production 
which is about I nb (at qk:::::: 0.8 GeV /c) in the case of K-. The mo­

mentum spectra of kaons were measured from 0.35 to 0.8 GeV /c which 
corresponds to the light cone variable a= (Ek- qkcosOk) l mN from 1 

to 1.9. The value of minimum target mass, xm, measured in units of 

nucleon mass, m N' is often used as a scaling variable to discribe cu­

mulative data <xm = I corresponds to the kinematic limit fo production 

on free nucleon at rest). The variable xm coincides with a and the Bjor­

ken variable x atE -+oo; xm exceeds a by 5-10% at our energies (15-

65 Ge V). The rise of the invariant cross sections for kaons is 
insignificant over an energy range from IS to 65 GeV: it is on the 
average about 20% as in the case of pions (8 ). Further on we use the 
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Table I. Invariant cross section (E/A)du/tfq(mb GeY-2c3sr- 1/nucleon) for the 

q T 
(OeV/c) (OeV) 

0.350 0.1 11 
0.400 0.1 42 
0.450 0.1 74 
0.500 0.209 
0.550 0.245 
0.600 0.283 
0.650 0.322 
0.700 0. 363 
0.750 0.404 
0.800 0. 446 

q •• 
0.350 1 .039 
0.400 1.1 29 
0.450 1.217 
0.500 1.309 
0.550 1.404 
0.600 1.498 
0.650 1.596 
0.700 1.696 
0.750 1. 796 
0.800 1.897 

+ -
reaction p + A-. K (159") at E = 40 GeV 

p 

Be c 

(0.124:!:0.010)8-1 (0.198:!:0.039)8-1 
(0.640:!:0.045)8-2 (0.82o:!:o.132)E-2 
(0.292:!:0.020)1-2 (0.390:!:0.062)8-2 
(0.105:!:0.010)1-2 (0.225:!:0.038)1-2 
(0.71o!o.o85)8-3 (o.66o!o.185)8-3 
(0.262!0.016)1-3 (0.45o!o.027)8-3 
(0.970:!:0.078)8-4 (0.181!0.015)8-3 
(0.4)6:!:0.048)1- 4 (0.572!0.057)8-4 
< o . 1 51 !o . 021 > E- 4 (0.197!0.0J2)E- 4 

(o. 75o!o .180)8- 5 

T1 Ko 

(0.560:!:0.168)1-1 (0.9)0!0.240)1-1 
(O.Joo!o.o87)1..:.1 {O.J6o!o.075)1-1 
(0.175!0.049)1-1 (0 .17)!0.075)1-1 
{0.66o!o.250)I-2 {0.990!0.280)1-2 
(0.240!0.096)1-2 {0.))0!0.155)1-2 
{0.172!0.012)1-2 {0.189!0.010)1-2 
{0.710:!:0.057)1-J (0.75o!o.o45)1-J 
{o.263!o.o)1)1-J {0.)64!0.026)8-J 
{0.107!0.017)1-J {0.114!0.012)1-3 
{0.290!0.087)1-4 (0.44o!o.097)1-4 

Al 

(0.43o:!:o.172)E-1 
(0.28o:!:o.o84)8-1 
(0.125:!:0.025)8-1 
(0.68o:!:o.340)8-2 
( 0. 195!0 .1 35) E-2 

(0.367!0.026)8-3 
( 0. 172:!:0. 016) 8-J 
(0.710!0.092)8-4 
(0.26o!o.o65)E-4 

v 
0.115!0.014 

{0.525:!:0.058)1-1 
(0.24&!0.042)1-1 
{0.910!0.136)1-2 
{o.4oo!o.oeo)l-2 
(0.206!0.012)1-2 
{0.110!0.007)1-2 
{0.447!0.027)1-J 
{0.18o!o.015)B-J 
<o.aeo!o.o88)1-4 

cross sections averaged over beam energy, EP, with a mean value of 

EP = 40 GeV. 

The normalized invariant cross sections of x+- and x- -production, 

p lt. = (E i A)du I cf3 q lt.' are presented in tables I and 2 and in figs.l and 

2. The indicated errors are statistical, the absolute normalization error 
is estimated to be IS%. The invariant cross sections can 0e appro­
ximated by the exponents of the variables a and T (kinetic energy of 

kaons): p lt. = C 'exp( -a I ao) and pIt:. = C exp(-TIT o>· The dependences 

of the parameters a0 and T 0 on mass number A are shown in fig.3. 
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Table 2. Invariant cross section (E/A)du/ffq(mb GeV-1c3 sr- 1/nucleo s) for the 

reaction p +A ... K-(159') at E = 40 GeV. 
p 

q d. Be c Al 
(GeV/o) 

0. )50 0.992 (0.116!0.023)E-2 (0.250!0.150)E-2 
0.400 1 . 077 (0.7oo!o.105)8-J (0.82o!o . 115)E-J (0.500!0.500)E-J 
0.450 1 . 160 (O.J53!0.049)E-3 <o.4oo!o.o48)E- J (o . 1o2!o . o61)E-2 
0. 500 1.247 (0.118!o.o29)E-3 (0.190!0.02J)E- 3 
0. 550 1. 336 (0.550!0.250)8-4 (0 . 112!0.022)E-3 (0.1 5!0.130)E-3 
0 . 600 1 . 425 (o.86o!0.390)B-5 (0.213!0.055)E-4 (0.330!0.110)E-4 
0.650 1. 517 (0.870!0 . 310)!-5 (0.107!0.029)E-4 (0.1 28!0.045)E-4 
0.700 1 .610 (0.322!0.162)8-5 (0.59o!o.114)E-5 (0.71o!o.284)E-5 
0 . 750 1. 704 (0.135!0 . 095)8-5 (0.354!0.114)E-5 (o.4 o!o.200)E-5 
0.800 1.798 (0.830!0.580)E-6 

q x. T1 llo w 
0.)50 1 . 058 (0.195!0.116)1-2 co.22o!o.1oo>!-2 (0.215!0 . 034)E-2 
0.400 1_.147 (0.740!0.520)1-3 (0.13J!0.040)E-2 (0.1 08!0 .013)!-2 
0.450 1 .238 (0.960!0.480)1-3 (0.450!0.148)!-3 (0.5oo!o.1oo>E-3 
0.500 1. 331 (0.410!0.246)1-3 (0.26o!o.091)E-3 (0.1 82!0.045)!-3 
0.550 1.426 (0.150!0.150)8-3 (0.980!0.390)8-4 (0.760!0.230)E-4 
0 . 600 1. 522 (0.670!0.200)8-4 (0.240!0.091)8-4 (o.5oo!o.oao)E-4 
0 . 650 1.620 (0.167!0.075)E-4 (0.175!0.058)E-4 (0.1 57!0.031)E-4 
0.700 1 . 721 (0.700!0.490)8-5 (0.990!0.400)E-5 (0.113!0.025)8-4 
0 . 750 1 . 822 <o.8ao!o.530)B-5 (0.300!0.180)8- 5 (0.380!0.113)E-5 
0.800 1 . 924 (0.450!0.450)8-5 (0.310!0.190)E-5 (0.270!0.135)8-5 

The slope of the spectra decreases with increasing A for K + and K-, 

i.e. the «temperature• of the spectra, T0 , increases. However, the A-de-

pendence of K+ and x- production is substantially different: as is seen 

from fig.4, the ratio of the invariant cross sections for W and Be, 

PwiPBe' is equal to 10 forK+ and about 2 forK-. As a rule the A­

dependence of particle production is characterized by the power of mass 

number: ElcdaK ± /~qlc- Aa±. The dependence of a± on qlc is shown 

in fig.S; in the case of K+ the A-dependence differs s bstantially 

(a+ = 1.6) from the volume type dependence, A 1• 
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Fig.2. Invariant cross sections for the reac­
tion p +A ... K-(159') +X, errors (statisti­
cal) are shown only for Be and W 

Fig.3. Dependence of the slope parame­
ters, a0 and T0 , on A for the spectra 
of K+(•) and K-(o) at Ep=40 GeV 

and 91 = 159'. •· t. - data for 
EP = 10 GeV and 91 = 119' [9] . 

It is shown (11 ] that main 
features of the EMC effect can 
be explaned if the nucleus is 
considered as a relativistic qu­
antum system in which baryon 
number is conserved but the 
number of particles is not 
fixed. Due to vacuum pola­
rization, the nucleus is not 
only the system of A nucleons 



but also the sea of particles­
antiparticles which carries some 
part of nucleus momentum. As a 
consequence, an additional «col­
lective» sea of qq - pairs as hard 
as the valence quark distribution 
should exist in the nucleus along 
with the seas of quark-antiquarks 
and gluons in valence nucleons. 
This «collective» sea determines 
the spectrum of antiquarks at high 
x and also the spectrum of «Sea» 
cumulative particles (K- , p) . 
Proceeding from the assumtion of 
the concentration of the 
additional quark sea in fluctuons, 
the authors of the Fluctuon 
Fragmentation Model (FFM) [12] 
have calculated the momentum 
spectra of 1r + and K+ in the 

reaction -p + d -+ 1r +, K+ 080.). 
The reproduction of the experi­
mental data was quite satisfactory 
for the fluctuon component in the 
deuteron (free parameter) equal 

to 3.6%. The ratio 1r +I K+ calcu­
lated in this model is compared 
with our data for the Be nucleus 
(fig.6), the ratio and its xm -de-

pendences coincide well although 
the multiscattering effect in nuclei 
is not taken into account in this 
comparison. 

The ratio of the K+- and K­
yields must reflect a difference in 
the x-distribution of valence and 
sea quarks: this ratio should have 
a slight momentum dependence at 
x > 0.5 if the distribution of anti­
quarks in the «collective» sea is as 
hard as that of valence 
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FIJ.7. Ratio of the yields of K•- and K-­
mesons. Data for different A are depointed 
u In flp.l, 2. Arrowl are mean values of 
K+ I K- for separate A. Unear approxima­
tion of K+ I K-(x,..) and FFM - prediction 
for the reaction p +AI .. K•(t&o·) +X are 
shown on the riJht 

tuons. Figure 7 also shows a quantitative FFM-prediction for the AI 
nucleus. In this case the observed xm -dependence does not contradict 

the predicted one, but the predicted value of K+ I K- is different. This 
distinction can be connected with the multiscattering effect as the cross 
sections of K+ N aild K-N differ substantially at ql; <I GeV /c. 

Conclusion 

The momentum and A-dependences of x± -production have been mea­
sured over a wide range of the cumulative variable xm = a= 1-1.9 

. ~ 

near 180" (at an angle of 159", where ql; /q: = 0.3S) and in an energy 

interval of lS-6S GeV, where interactions of projectiles and target con­
stituents take place mainly by far over confinement fhreshold and there­
fore quark-parton models of hadron production in nuclear (ragmentation 
can be used as well-grounded ones. The spectra of «Sea. hadrons 
<K-, P) make it possible to investigate the difference of the nucleus 
quark sea from the quark sea of free nucleons. Some predictions of the 
quark model of fluctuon fragmentation for cumulative kaons (x-depend­
ences) are in accordance with our experimental data. However, correct 
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taking into account the distortions of the observed hadron spectra due 
to final state interactions in nuclei is required to compare q antitative 
model predictions with experimental data. 

References 

l. 8aldin A.M. - Proc. of the 19th lnt.Conf. on High Energy Phys., 
Tokyo, 1978, p.ISS. 

2. 8urov V.V., Lukyanov V.K., Titov A.I. - Sov.J.Particles a d Nuclei, 
1984, vol.lS, pp.SS8-S79 (publ. Amer. lost. Phys.). 

3. Efremov A.V. - Prog. Part. Nucl. Phys., 1982, v.8, p.34~-36S 
(Pergamon, New York). 

4. Frankfurt L.L., Strikman M.I. - Phys. Rep., 1981, 86, p.21S. 
S. 8aldin A.M. - Sov. J. Particles and Nuclei, 1977, v.8(3) , pp.I7S-

19S (pubi.Amer. lost. Phys.). 
6. 8urov V.V., Lukyanov V.K., Titov A.I. - Phys. Lett., 1977, 867, 

p.46; JINR Preprint E2-10680, Dubna, 1977. 
7. 8elyaev I.M. et al. - JINR Communications Rl-88-341 and 

R 1-88-342, Dubna, 1988. 
8. Gavrishchuk O.P. et al. - Nucl. Phys., 1991, A2S3, p.S89. 
9. Boyarinov S.V. et al. - Sov. J. Nucl. Phys., 1989, SO, p.160S. 
10. 8elyaev I.M. et al. - JINR Communication Rl-90-551, Dubna, 

1990. 
11. Efremov A.V. - Phys. Lett., 1986, 8174, p.776. 
12. Efremov A.V. et al. - Sov. J. Nucl. Phys., 1988, 47, p.868. 

Received on July 16, 1992. 

ll 



KpamKue coo6u¥!HUJI OJH/H MJ4 [55}-92 

Y ,QK 539.128 

JINR Rapid Communications No. 4[55}-92 

80 ps TIMING RESOLUTION 
SCINTILLATION COUNTER WITH A PHOTOMULTIPLIER TUBE 
FEU-87 

S.V.Afanasiev, Yu.S. Anisimov, A.I.Malakhov, S.G.Reznikov, 
A.Yu.Semenov, P.I.Zarubin 

We describe a TOF scintillator counter with a photomultiplier tube FEU-87 
and a 2.4x2.4X6.0 cm3 scintillator. A time resolution (u) of 84 ± 4 ps has been 

obtained from cosmic ray and deuteron beam tests. Possible timing improvements 
are discussed. 

T he investigation has been performed at the Laboratory of High Energies, 
JINR 

Cu.u HTHJIJHIIJ.HOHHhiH ClleTliHX 

C BpCMeHHhiM pa3peweHHeM 

80 nc ua ocuose <1>3Y -87 

A<f>a uacbeB C.B. HAP· 

Q lHC3H BpeMllllpGJJeTHbiH CI..(HHTHJIJilii..(HOHHbiH C'leT'IHK Ha OCHOBe !j>oTO­
YMHO>KHTeJJll $3Y -87 H CI..(HHTHJIJiliTOpa pa3MepOM 2,4X2,4X6,0 CM3 . Bpe­

Mt'-HHOe pa3peweHtte (u) 84 ± 4 nc 6b1JJO noJJy'leHo npH npose,lleHHH H3Mepe­

HHH Ha KOCMH'IeCKHX MIOOHaX H B ny'IKe peJJl!THBHCTCKHX ,lleHTpOHOB. 

Bo3MO>Kflble nyTH yJJy'lrneHHll speMeHHbiX xapaKTepHCTHK C'leT'IHKa o6cy>K,lla­
IOTCll . 

Pa6oTa BbmOJJHeHa B Jla6opaTOpHH BbiCOKHX 3Heprni1 OHSUf. 

Introd uction 

The application of the time-of-flight <TOF) method with a typical 
TOF base of about 12-15 m requires detectors with 50-100 ps timing 
resolution to provide :rc-K separation up to the momentum of 4-
5 GeV /c. In this paper we describe a fast scintillation counter with a 
Russian photomultiplier tube (PMT) FEU-87 of relatively low cost and 
a LHE JINR produced scintillator. Our work was initiated by the pro­
posal of the CERN NA-49 collaboration [1 ]. The described results allow 
us to improve :rc-K and K-p separation with the SPHERE forward spec­
trometer [2 ]. 
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Description of the Coun ter 

We have used a "standard" scintillation material based on polysty­
rene doped with 1.5% p-terphenyl + 0.01% POPOP. The light pulse 

R1 = 5 60k 
R2 82k 
RJ 180k 
R4 100k 
R5 180k 
R6 200k 
R7 220k 
R8 330k 

9 10 11 ANODE 
DYNODES 

3 4 5 6 7 8 ~ ~ ~ r 

R3 R4 R4 R4 R4 R4 R5 R8 R7 RB 

r1 ... 33 
r 2 50 
r3 = 100 
r =50 

C1 ... 4700 pF 
C2 330 pF 
C3 - 33 nF 

C2IC2I rcJ 

OUTPUT 

Fig.!. Voltage divider used with the FEU-87 photomultiplier tube 

Fig.2. Typical output pulse of the counter 

rise time <LPR T) of this scin­
tillator is about 0.8 ns [3 ]. 
The scintillator 2.4 x2.4 x 

x 6.0 cm3 in size was wrapped 
in black paper without a reflec­
tor and viewed from one side 
(without a light guide) by a 
fast PMT of the FEU-87 type 
(2 em diameter photocathode) 
with a certificate cathode 
luminous sensitivity of 
95 1-1-Ailm. 

A voltage divider (see fig. l) 
is adjusted to a minimal timing resolution in response to a LED flash . 
This resolution has been improved by setting a significant voltage (> 

700 V) between the protocathode and the first dynode, and thereafter 
between the last dynodes. No special stabilization is used bee use a low 

average working count rate (> 105 per second) is expected. The total 
high voltage is 2800 V. Figure 2 shows an output signal of the counter 
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-
(the scintilla tor is excited with 

a 90Sr source). An amplitude 
of about 2 V corresponds to a 
mtntmum ionizing particle 
flash in the counter scintil­
lator. 

To estima te the PMT transit 
time jitter, we have measured 
the dispers ion of time between 
a LED driving pulse and a 
PMT output signal for dif­
fe rent output pulse amplitudes 
A (sec fig .3). We should note 
tha t the observed dispersion 
behaviour differs significantly 
from the expected one for the 

transit time jitter (- 11 - 112 is 
the dashed line in fig.3). We 
explain this fact by the exist­
ence of a LED time jitter cont-

200r-~-r~-.--r-~-r~-,--r-~~ 

.. 
a. 

,...:.t50 
b 

z 
0 

§tOO 
_J 

0 

~ 
0:: 

(.) 

~ 50 
:::1! 
F 

\ 

' ' 
a) 

~1~~ b/\ 
~ 1000 

::> 

8 100 

580 585 510 
TllC CHANNElS 

/ 

0 l 
0 t 2 3 4 5 6 

OUTPUT AMPLITUDE. V 

Fig.J. a) Dispersion of lime between a LED dri ­
ving pulse and a PMT output amplitude. The 
dashed line corresponds to the A - 1/ 2 depen­
dence. h) Time spectrum for an amplitude of 
2 v 

ribution wi th a more complicated behaviour. Over an amplitude range 
of about 2 V this contribution is more than 40 ps. On the other hand, 
in our measurements the photocathode is illuminated by a LED flash 
not quite uniformly. This fact means the existence of an additional un­
measured contribution to the PMT transit time dispersion (though its 
value should be not very significant because of the high voltage between 
the cathode and the first dynode) . Finally, we estimate the PMT transit 
time jitter as about 50-60 ps. 

Cosmic Ray Tests 

A prelimtnary measurement of counter timing resolution was carried 
out with cosmic rays. A schematic drawing of the test arrangement is 
shown in fig.4. It includes: 

- a test counter S; 

- a cosmic muon telescope consisting of two 2.0 em thick I.Ox 1.0 cm2 

scintillators viewed by FEU-87 PMTs; 
- consta nt fraction discriminators produced at LHE; 
- a CA \1AC readout system including TDCs (54 ps/channel), an 

ADC and a l:rate-controller with an IBM PC/XT compatible computer. 
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1 cosmic raye 

Fig.4. Schematic drawing of the cosmic ray 
test arrangement 
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:::::> 
0 
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u(S&M2)= 145 ps 

u(M2) "' 120 p11 
u(S) - 80 ps 

730 735 

Fig.S. TOF spectrum for cosmic muons 

Cosmic rays monitor rate was about 10 counts per hour a nd it took 
about 8 hours for one exposure. · · 

Timing was done between S and Ml, S and M2. Stop signals for 
TDCs were provided by both counters of the muon telescope and com­
mon start by the test counter S. The pulse charge of the counter S was 
also measured. A cut was set on this pulse charge in order to select 
minimum ionizing particles in cosmic radiation. The obtained S - M2 
time spectrum corrected for residual amplitude dependence is presented 
in fig.S. The timing resolution as of the counter S is obtained from 

a S&Ml, a S&M2 and a Ml &M2• The last value is obtained from event-by­

event subtraction TOF S&Ml - TOF S&M2• The test counter time resolu­

tion derived from the corrected spectra is as ::::::: 80 ps. 

Deuteron Beam Tests 

As a continuation of our study, we carried out tests on a 9 GeV /c 
deuteron beam. A layout of the test assembly is shown in fig.6. It in­
cludes: 

- a test counter S; 
- two monitor counters; the thickness of the forward one is 2.0 em 

and its entrance area 1.0x 1.0 cm2
; the thickness and diameter of the 

rear one is 10 em and 1 em, respectively; PMTs are FEU-87. 
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Fig.6. Layout of the deuteron beam test assembly 
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Fig.7. Position dependence of the counterS 
timing resolu tion 

• 

-- an additional Cherenkov 
plexiglass counter C 20 em thick 
and 2.5 em in diameter; its 
radiator is viewed by a FEU-85 
type PMT (it has a higher gain 
than FEU-87); 

-- fast logic modules and a 
CAMAC readout system. 

Data were read out in coinci­
dence between the counters S 
and C. The output signal of the 
coincidence unit was timed with 
the pulse of the counter S pulse. 
Timing was done between S and 
Ml, S and M2, S and C as well 
as charge measurements of M2 
and S signals. A timer gate de­
creases a trigger rate down to 

200--300 per spill. Deuterons having passed through the whole assembly 

are selected by applying cuts on TOF (S-C) and ADC (M2). The tim-

ing resolution as of the counter S is obtained as shown above. The 

position dependence of as is shown in fig.? for a PMT with a cathode 
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Fig.8. TOF spectrum for 9GeV /c deuterons 
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Fig.9. Counter S timing resolut on vs the 
cathode luminous sensitivity of P\tT 

luminous sensitivity of 95 ,uA/Im. The mean value of <as> is equal to 

84 ± 1.5 (stat.) ± 4 (sys) ps. The systematic error is associa ted with 
PMT timing instability. The TOF (S-M2) spectrum obtained at the 
center of the counter S is shown in fig.8. 

Besides, the as dependence on the cathode luminous sensitivity of 

PMT (see fig.9) was estimated. The value of sensitivity was taken from 
the PMT certificate. The 85 ,uA/lm lower limit can be put as a election 
criterion of PMTs acceptability. 

We note that the beam tests confirmed the conclusions derived from 
the cosmic ray run. 

Some Possible Improvements 

Here we would like to discuss possible ways to improve timing pa­
rameters of the counter. 

One way to improve timing parameters of the scintillation c unter is 
to use scintillation material with the shorter LPRT. For example, a scin­
tillator based on polystyrene doped with 1.5-2.0% p-terphenyl (without 
any secondary dyes) has the LPRT of about 15 ps [3 ]. However the 
light yield obtained from this scintillator is only about 60% of that of 
our "standard" scintillator and additional tests to study this problem 
are needed. 
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A possible improvement of PMT's timing parameters is due to em­
ploying an inverse pulse from a dynode as an outpot one. First, this 
operation provides smaller inner PMT's stray capacitance and a decrease 
of electron pulse widening (4) and, second, it eliminates the anode sig­
nal parasitic component induced by electrons travelling from the penu­
ltimate dynode to the last dynode (5 ). In this way we hope to decrease 
significantly the PMT time jitter. 

The au thors express their sincere gratitude to the members of the 
Dubna Synchrophasotron staff and the beam transport group for the 
high quality deuteron beam. Also the authors are much indebted to 
Dr.A.I.Golokhvastov for his continuous interest and valuable discussion. 
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RADIAL PROFILES OF PHOTON INITIATED ELECTROMAGNETIC 
SHOWERS BETWEEN 100 AND 3500 MeV 

B.Sfowinski, J .Rogulski 

It Is shown that the radial dependence of the density of shower electrons 
Ionization loss may be approximated by some universal function F(x) of the 

dimensionless variable x only. This function has Its asymptotics as F(x) -e-x at 
large enough x. 

The investigation has been performed at the Laboratory of High Energies 
JINR (Dubna) and at the Institute of Physics, Warsaw University of Technology 
(Warsaw). 

PMHaJibHIIIe nJXXPHJIH 3JieKTpoMamHTHIIIX JIHBHen, Blll3h1Bae­
MIIIX raMMa-KBaHTaMH c 3Hepmeu I 00-3500 M3B 

6.CJIOBHHCKHH,~.PoryJihCKHH 

lloK833HO, 'ITO paJtHaJJbH&II 33BHCHMOCTb !lJIOTHOCTH HOHH3a~HOHHbiX no­
Tepb JIHBHeBbiX :JJieKTpoHOB MOlKeT 6biTb annpoKCHMHpoBaH8 HeKOTOpoH YHH­
aepCaJibHOH 4JyHK~Hel1 F(X), 3BBHCIIII.Iei1 TOJibKO OT 6e3p83Mep HOH 
nepeMeHHoA x. llpH JtOCTBTOlJHO oonbwHx x acHMnTOTHKOA 3TOA 4>YHK~HH 

IIBJnleTCII 3KcnoHeHTa: F( x) -e-x. 

Pa6oTB obmOJIHeHa a JlaoopaTopHH abrcoKHx 3Heprnl1 OHSIH ()ly6Ha) " a 
HHCTHryTe 4>H3HKH BapwaacKoro TexHH'IeCKoro ytmaepcHTeTa (Bapwaaa) . 

I. Introduction 

It has been found earlie/11 that the average radial profile 
E (rl E , t) of showers created in liquid xenon by gamma quanta of r y 

energy E = 100-3500 MeV is related with the corresponding plane 
y 

distribution I (pIE , t) of shower electrons ionization loss according to 
p y 

the equation: 

oo F,(rl Ey ' t) 
I (pIE , t) = 2 f 

2 
dr, 

P Y p v'l - (p/ r) 

(}) 

where r is a distance from the shower axis (SA), p is its pr jection in 
the picture plane, in which the normalized density of partial summary 
projection ranges I (pIE , t) of shower electrons was measured within 

p y 
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squares having sides lit = 0.6 radiation length (rl) along the SA and 
ll.p = 0.3 rl. As a result of the fit to the experimental data of exponential 
function 

(2) I (pIE t) = l e -p/p(Er,t) 
p r' p(Er, t) 

the following parametrization of the average plane shower width was 
obtained121: 

p(E , t) = a + {3(E ) · t. 
r r 

(3) 

Here a= (4.2±1.2)·10-2 rl, {3(E) =a- b·lnE, a= (7.5±0.3)·10-2, 
r r 

b = (6.6±0.4) ·10-3 when Er is in MeV. 

The equation has a unique solution of the form111: 

I ' d d 
F,(riE, t) = - 2 f -d [p·f (piE, t) I P (4) 

r TCr oo P P r v'l - (r/p2) 

Substituting the function (2) into (4) we can obtain the exact formula 
for the average radial distribution of ionization loss in electromagnetic 
showers. 

In the present work we show that this distribution may be expressed 
by means of a universal function determining its radial shape. 

II. Ra dial Shower Profile 

Let us denote for short: p = p(Er' t), x = r/p, s = r/ p and F,(x) = 
= F (riE, t). Then from (4) and (2) we have 

r r 
I 

F,(x) = _2 · F(x) , 
7Cp 

(5) 

where the function 

1 
1 

F(x)=f s x e-x/sds, 

0 s2 v' I - i (6) 

depending on the dimensionless variable x, determines the radial 
behaviour of the density F,(x) of shower electrons ionization loss, 

whereas all information about the primary photon energy E as well as r 
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F(x) 
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\ 

Radial dependence of the density of 
shower electrons ionization lass 

(homogeneous) absorbent 
properties and a shower depth t 
is contained in the parameter 
p. The figure displays the 
function (6) within the interval 
of x = 0.2-7. 

It is to be shown strictly that 
at higher values f x (x;::: 2) 

F(x)- e-x as can be seen in the 
16s figure. \ 

~ Mention finally the 
suggestion131 that the solution 

0 2 3 x ~ 5 6 7 of ( 1) is as follows 

l 
. F,(r) = _2 K0(x) , 

:n;p 

(7) 

where K0(x) is the McDonald function. But then it would satisfy the 

equation: 

r 2F "(r) + rF '(r)- (!::) 2F (r) = 0 
r r p r . 

(8 ) 

which is not the case. 
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CI>OPMCI>AKTOPbl HYKJIOHA H KBAPKOB 
B MOAEJIH PEJij~THBHCTCKOrO 
r APMOHHq ECKOrO OCIJ.HJIJij~TQPA 
C yqETOM CllHHA KBAPKOB 

B.B.6ypos, C.M.ll.opKHH I' A.ll.e naqe2' n.CapaKKo3 

00K333HO, 'ITO 8 p8MK8X MOAeJIH peJIIITH8HCTCKOI'O rapMOHH'IeCKOI'O OCU.HJI­
JIIITOpa C y'leTOM COHH8 K&apK08 H yCJI08HII CKeHnHHra MOlKHO OOHC8Tb 33p11-
A08blit, M8MIHTHblit H 8KCH8JlbHblit 4K>PM<IlaKTOpb1 HYKJIOHa. nony'leHO, 'ITO 
cpeAHeK&aApaTH'IHbiH P8AHYC HYKJIOHa paseH 0,74 4>M H pa3Mep K&apKa 
0,364JM. 

Pa6oT8 8bmonHeHa 8 Jla6opaTopHH TeopeTH'IeCKOit 4JH3HKH OH~H . 

Nucleon and Quark Form Factors 
in Relativistic Harmonic Oscillator Model 

V.V.Burov, S.M.Dorkin, A.De Pace, P.Saracco 

It is shown that the nucleon charge, magnetic and axial Factors can be 
explained in the Framework or relativistic harmonic oscillator model with taking 
into account a spin or quarks and the scaling rule. It is round that the nucleon rms 
radius is equal to 0.74 rm and the quark size is 0.36 rm. 

The investigation has been perFormed at the Laboratory or Theoretical Phy­
sics,JINR. 

B AaHHOH pa6oTe paccMOTpHM 3JieKTpoMarHHTHhle n CJia6hlif <l>oPM<l>aKTo­
phl nyKJiona B paMKax MOAeJIH peJIJtTHBHCTCKOro rapMOHH'IecKoro OCU.HJJJIJI­
Topa <MPfO>. HcCJieAOBaHHJt 8 paMKax 3TOH MOAeJIH npo80AHJIHCb B 
pa6oTax ( 1-13 ). 3,AeCb CJieAyeT 8hiACJIHTb paOOThl (7-11 ), DOC8Jt~eHHhle 
<t>opM<i>aKTopaM nyKJIOH08. B 3THX pa6oTax HCCJieA08aJIHCb 3apJtA08hiH 

dJin(q2
), MarHHTHhiH d',,.'t(q2

) <J>opM<i>aKTOphl HYKJIOH08, H, KpoMe TOI'O, 8 

pa6oTe (9 I H3YllaJICJt aKCHaJibHhiH <l>oPM<i>aKTOP nyKJiona G iq2). BaJKuou 

oco6enHOCTbJO MPrO JtBJIJteTCJt AHnOJibuoro THna acnMnToTH'IecKoe noseAe-

22 
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HHe MarHHTHOI'O <J>opM<I>aKTOpa HYKJIOHa npH q
2 

-+ oo, lJTO COOTBeTCTBYeT 

npasHJJaM KBapKosoro C'leTa 114, 15). TaKas l-3aBHCHMOCTb n ossnseTCH 

H3-3a HHTerpana nepeKpbiTHH BOnHOBbiX Q>yHKU.HH BHYTPCHHCI'O ABH)KeHHH 

KBapKOB B none peJIHTHBHCTCKOI'O OCU.HJIJIHTOpa, OObHCHHH nOpeHU.eBCKOe 

coKpa~enue KaK CJieACTBHe pewenus ypasnenus MPrO c rpaHH'lHbiM yCJio­

sneM 13) (CM. TaK)Ke 14)). 3Aecb CJieAyeT OTMeTHTb, 'ITO AJIH TOI'O, lJTOObl 

o6bscnHTb 3neKTpoMamHTHble H aKCHaJibHblii <J>opMQ>aKTOpbl nyKnona, ne­

o6xoAHMO nOCTpoHTb CnHH-yHHTapnyJO CnHHOpHyJO 'laCTb BOnHOBOH Q>yHK­

U.HH H sepwunnyJO Q>ynKU.HJO cnCTeMbl co cnunoM 1 /2. B pa6oTe I 5 )6biJI AaH 

MeTOA BbllJHCJICHHH KOBapHaHTHOI'O H KaJIH6poBO'lHO-HHBapHaHTHOI'O TOKa B 

paMKax D( 12) ® 0(3, 1 )-MOAeJIH. 0AHaKo HMeJIHCb onpeAeJICHHble npo6ne­

Mbl B 3TOM nOAXOAe (CM., HanpHMep, neKU.HH 116 )). 8 pa6oTax 17- 9)6biJIH 

nony'leHbl KOBapHaHTHbiH H KaJIH6poBO'lHO-HHBapHaHTHbiH TOK B CJiy'lae 

SU(6) ® 0(3, 1 )-MOAeJIH H 6biJIO noKa3aHO, 'ITO MO)KHOAOOHTbCH YAOBneTBO­

pHTeJibHOI'O OnHCaHHH MarHHTHOI'O, 3apSIAOBOI'O H aKCHaJibHOI'O <J>opMQ>aKTO­

poB nyKJiona. 0AHaKo cornacue c 3KcnepHMeHTaJibHbiMH AaHHbiMH npu 3TOM 

3Ha'lHTeJibHO xy)Ke, 4eM, nanpnMep, B nepenHTHBHCTCKOH MOAeJIH, YllHTbi­

BaJO~eii nopenu.escKoe C)KaTue BOJIHOBOH <t>YHKU.HH nyKJiona I 17 ). 

UenbJO nacros~eii pa6oTb1 HBJIHeTCH onucanue <J>opM<I>aKTOpoB 1fYKJIO­

na B MOAeJIH peJIHTHBHCTCKOI'O rapMOHH'lecKOI'O OCIJ.HJIJIHTOpa C HCnOJib-

30BaHHeM SU(6) ® 0(3,1)-cxeMbl nOJiy'leHHH KosapuanTnoro H Kann6po­

BO'lHO-HHBapuanTnoro TOKa Ha OCHOBe npeAnOnO)KCHHH 0 TOM, 'ITO 

UOBeACHHe <J>opM<I>aKTOpoB npH q2 
-+ 00 onpeAeJIHCTCH npaBHJJaMH KBap­

KOBOI'O C4eTa I 14, 15) H 4TO BblnOJIHHeTCH 3KcnepnMeHTaJibHO na6nJOAa-

.....o 2 - ut<l> 
eMbiH cKeiinunr <J>opM<I>aKTOpoB nyKJIOHOB vE(q ) - 1-l = 

p 

= rAe # - MarHHTHble MOMCHTbl HCHTpoHa H nporoHa. n,p 1-tn 

PaccMOTpHM CHCTeMy, cocros~yJO H3 N KBapKoB, B none penHTHBH­

CTCKoro rapMOHH'lecKoro OCU.HJIJIHTOpa. TorAa sonnosyJO <t>ynKU.HJO MO)K-

HO npeACTaBHTb B BHAe: 

(I) 

3Aecb A - onepaTOp aHTHCHMMeTpH3au.uu KBapKoB, BKJIJO'laH u.seTOBble 

CTeneHH CBOOoAbl, KOTOpble AJIH npoCTOTbl HBHO BblnHCbiBaTb e 6yAeM, 

cJ>N(x1 ,X2' ••• XN) - KOBapHaHTHaH npoCTpaHCTBCHHO-BpCMCHHaH BOnHO-

BaH Q>yHKU.HH H u(N)(P) - CUHHOBaH BOnHOBaH Q>yHKIJ.HH (HX KOpOTKO 

onuweM HH)Ke). OyCTb sonnosas Q>ynKU.HH cJ> N YAOBJieTBOpHeT ypasne-
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HHIO KJie iiua - rop~oua c peJISITHBHCTCKHM rapMOHH'IeCKHM OCl.I,HJlJlSI­

TOpHbiM noTeHU.HaJIOM I 1-13 I 

lN [N N-l ll .L P7 + K2 .L .. L (xi- x/ <I>N(xl'x2, ... xN) = 0, 
1=1 l>j j=l 

(2) 

rAe p. = -ia/ a - 4-HMllYJibC, K - OCU,HJlJISITOpHbiH napaMeTp, x . -
I X. I 

l 

4-KOOp~HHaTa i-ro KBapKa (HMeSI B BHAY H30CllHHOBYIO CHMMeTpHIO, 6y­

AeM C'IHTaTh Macchi KBapKOB OAHHaKOBhiMH). TorAa, nepexo~SI K Koop­

AHHaTaM u,euTpa Mace X H suyTpeHHHM nepeMeHHhiM r0, ••• r N _ 
1

, npeA-

CTaBHM y paBHeHHe (2) 8 BHAe: 

2 2 
(P - MP)<I>Nq(r0,r1,. .. rN-l' P) = 0, (3) 

M~ = -2a~;ailt = 0, aN= KNVfT, 

rAe ailt' a; - onepaTopbl po)K)).eHHSI H yuH'ITOJKeHHSI t~aCTHu,. PeweuHe 

Aauuoro ypasueHHSI (c yt~eToM yCJIOBHSI TaKa6aSimH 13 ), ueo6xoAHMOro 

~JlSI ycTp aHeHHSI He~H3H'IeCKHX KOJie6aHHH flO KOOp~HHaTe OTHOCHTeJib-

HOro BpeMeHH p"a:<I>N = 0) 6yAeT HMeTb CJie~yiOUJ,HH BH):\: 
lp q 

a a N-l 

<I>N (ro,rl, ... ~N-l'P) = (nZ) exp 2zx~v i~I riltriv' 
N-l ( l (4) 

<I>N(xl'x2' ... xN) = exp[iP~X1l]<I>N(r0,r1 ,. .. rN-l' P), (5) 

rAe P - noJIHbiH HMnyJibC CHCTeMhl H K'v = Ffv - 2p" Pv I P2. CnHHOBYIO 

BOJIHOBYIO ~YHKl.I,HIO B ~BH.lKyUJ,eHCSI CHCTeMe MO.lKHO nOCTpoHTb (CM. pa­

OOTbl 18- 12)), npeo6paaosas uepeJISITHBHCTCKYIO cnHuosyiO BOJIHOBYIO 

~YHKLI,HIO B Jia6opaTOpHOH CHCTeMe. JTO MO.lKHO npo~eJiaTb ABYMSI CllO­

COOaMH. n epBbiH cnoco6 - npeo6pa30BaTb BOJIHOBYIO ~YHKU.HIO Ka)K)).oro 

KBapKa OT~eJihHO KaK ~HpaKOBCKHH cnHuop, HCnOJih3YSI ypasueuHe Bapr­

Mauua - BHruepa. BTopoii - npeo6paaosaTh B~}JlHOBYIO ~YHKU.HIO sceii 

CHCTeMhl KaK l.l,eJIOe (TaK Ha3hiBaeMOe MHHHMaJibHOe npeo6pa30BaHHe 

flayJIH), T.K. npH 3TOM BOJlHOBaSI ~YHKIJ.HSI HMeeT MHHHMaJibHOe 'IHCJlO 

KOMnoueHT. Bropoii nyTh, nO-BHAHMOMy, npeAnO'ITHTeJihHee, T.K. B oT­

JIH'IHe OT nepsoro cnoco6a ll03BOJISieT llOJIY'IHTb 3apAAOBhiH ~pM~KTOp 

ueihpoua ue paBHhiM TO)K)).eCTseuuo uyJIIO • .ll,aJiee Mhl 6y~eM paccMaT­

pHBaTh BTopoii cnoco6, CJie~ySI pa6oTe I 12 ). Tor~a cnHHOBaSI BOJIHOBaSI 

~YHKl.I,H SI u(N)(P) MO.lKeT 6h1Tb npeACTaBJieHa B BHAe: 
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u(N)(P) = B(P)u(N)(O), 

B(P)- exp [21~ 1 p 1(P·d)] = exp (p 1bH], 
(6) 

-+ -1 -+ N -It -It 
r~e H = (Pa)/21PI, b =cosh P0 /M, H a= L if, if- Ma TpHI.J.bl Ila-

i =I 

YJIH i-ro KBapKa H u(N)(O) - BOJIHOBaSI ci>YHKU,HSI B JiaoopaTOpHOH CHC-

TeMe: 

u(N)(O) = (~) 
(3~eCb X - uepeJISITHBHCTCKaSI COHHOBaSI ci>YHKU,HSI CHCTeMbl) 

paOOTaM (6,9, 12 ), 3aOHWeM 3JieKTpoMarHHTHbiH TOK B B~ : 

N N 
/em= I n dxj L j/-,, (xi, . .. ,xN) A (xk)' 

i=l k '¥ 
14 

. ( ) ·qJ(N) N J~q~ x 1, ... ,xN = -t ekx 

x [c <i) r + ig <i) cJ ( a + a )]li'<N). 
E dX/ql M !4V dkv dXkv 

(7) 

(8) 

(9) 

3~eCb qJ(N),qJ(N) - Ha'laJibHaSI H KOHe'JHaSI BOJIHOBble ci>YHKU,HH N-KBap­

KOBOH CHCTeMbl (2), ek - 3apAA k-ro KBapKa, cJ - COHHOB e MaTpHU,bl 
/4V 

k-ro KBapKa <<{ = eij/0' 0:4 =a!;= p 1c1>. B npe~noJio)KeH H aero'le'I-

HOCTH KBapKOB onpe~eJIHM gE(q2) H gM(q
2
) KaK 3apMOBbiH H MarHHT­

HbiH cl>opMci>aKTOpbl KBapKOB (q = p' - p - nepe~aHHbiH 4-HMDYJibC MSI 

N-KsapKosou cucTeMbl c ua'laJibHbiM (Kone'lHbiM) 4-uMnyJibCOM p
14

(p'
14

)>. 

IJo~CTaBJISISI BOJIHOBYJO ci>YHKU,HIO (5) B ypaBHeHHSI ~JISI TOKa (8), (9) H 

Bbi'IHCJISISI HHTerpaJibl DO nepeMeHHbiM KBapKOB XI , ... ,XN' OOJiy'laeM <Jcl>-
cl>eKTHBHbiH TOK ~JISI N-KBapKOBOH CHCTeMbl C p (p' ) H COHHOBOH KOM-

/4 14 

nouearou s(s'): t;< :) N 
(p' s' llN)(O) I ps) = q L (il~(p') r u(N)(p)) (l 0) 

14 PoP 0 k = I s k.li s ' 

(ll) 
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fk,u = [(P,u + p',,) IN(q2)gE(l)- iNgM(l)~vqvl (11) 

3ACCb HHTCrpaJibl no npocTpaHCTBCHHO-BpCMCHHbiM nepeMCHHbiM HMCIOT 

CJICAYIOll.I,HH BHA: 

fN) 2 I [ N - 1 ( q
2 

) l 
(q ) = (1 + q2/2M2)(N-I) exp - 4aN 1 + q2/2M2 ' 

I N(i) = 1 + Nq2/2M2 
1 + q2/2M2 , 

(12) 

(13) 

rAe M - Macca CHCTCMbl. HcnoJtb3YSI (6) H BOJtHOBYIO <l>YHKU.HIO B Jta-

6opaTopHOH CHCTCMC (7), npeo6pa3yCM (I 0) AJlSI TpCXKBapKOBOH CHCTCMbl 

H flOJtY'IH M OKOH'13TCJlbHbiC Bblp3.lKCHHSI AJlSI <i>opM<t>aKTOpoB HYKJlOHa. 

TaK , AJtll MarHHTHOro <t>oPM<t>aKTopa npoToHa H • HCHTpoHa HMeeM: 

2 - c{,(q2) = G~(i) = gM(i)f3)(q2), Ft<q ) - ,., 1-',, 
p 

(14) 

AJl SI :JJlCKTp H'ICCKOro <i>opM<t>aKTOpa npoTOHa noJty'laCM Bblpa.lKCHHC 

2 _ 2 _ [ ( L) 2 2 3q
2 

2].13) 2 o 5> Pf.:(q ) - f{(q ) - I + 2M2 liq ) gE(q ) - 4M2 gM(q ) I' (q ) 

H , HaKOHC U. , AJlSI :JJlCKTpH'ICCKOro <i>opM<t>aKTOpa HdhpoHa: 

I 2 - L 2 3) 2 
F,.:(q ) - 2M2 gM(q )f (q ). 

() 6) 

Mo.JKHO Ta K.lKC Bbi'IHCJJHTb aKCHaJtbHbiH <t>oPM<t>aKTOP HYKJJOHa 

FA(/)= G
11
(/)/GA(0) (OnpCACJlCHHC H ACTaJlH Bbi'IHCJICHHH MO.lKHO 

Ha HTH R p a 6oTc 19 )) : 

FA(q2) = GA(q2)/GA(0) = gE(q2)/3(q2)f3)(q2). ()7) 

0TMCTHM , 'ITO B SU(6}-MOACJ1H MarHHTHbiH MOMCHT npoTOHa 1-' = 3, 
p 

a HCHTpoHa Jl = -2, 'ITO OTJlH'IaCTCSI OT COOTBCTCTBYIOll.I,HX :JKCnCpH­
/1 

M CHT3JlbHhi X 3H3'1CHHH p = 2,7928474 H /-l = -1,91304275. no:>TOMY 
p II 

npH AaJtbHCHWCM aHaJtH3C :>KcncpHMCHTaJtbHbiX <t>oPM<t>aKTOpoR HYKJtOHa 

nOCJJ CAHHe 6yACM HOpMHposaTb Ha I npH q
2 = 0. B Bblpa.lKCHHSIX ( 13> 

H ()4-17) M = 0,93828 f:>B- Macca HYKJtOHa. 
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.ll.a.nee npoaHaJJH3HpyeM BblpaX<eHHSI ~JISI MarHHTHOro H 33p11J).OBOro 

<l>oPM<I>aKropos uyKJioua. J.h yCJIOBHSI cKeii.nnura CJie~yeT, liTO 

Jt(l) = Pf:;(l). 0TCJO~a JierKO DOJIYliHTb BblpaX<eHHe ~JISI 3apJL0o60ZO 

(jJop.M(jJaKmopa KBapKa gE(l): 

(18) 

CorJiacuo npasHJiaM KBapKosoro ClieTa [ 14,15) <PoPM<I>aKTOP uyKJioua 

OpH l-+ oo y6bi:B3eT KaK q-4
• ilpH q2 -+ oo Jt(l)- gM(l)/q4, D03TOMY 

2 . 
ecTeCTBeHHO npe~nOJIOX<HTb, liTO gM(q ) = 1, OCT3BJISISI npH 3TOM B03-

MOX<HOCTb MO~H<I>H~HpoBaTb 3CHMOTOTHlieCKOe OOBe~euue <l>oPM<I>aKTO­

poB 33 ClieT BBe~eHHSI ~ODOJIHHTeJibHOro, HanpHMep, JIOrapH<I>MHlieCKOro 

y6bi:B3HHSI gM(q2) npH q2 -+ oo, 

1, 4 

1,2 

1,0 

0,8 

0,6 

1,4 

1,2 

1,0 

o,a 
0,6 

F~ (q2)/F o (q2) 

~ ~ + 
f 

5 10 15 20 25 30 35 

q1. (fJB/c) 2 

----. 

L-------------~------__J 
2 4 6 8 10 12 14 

q2 (fJB/c) 2 

1,4 

1,2 

o,a 
0,6 

0,12 

0,10 

o,oe 
o,oe. 

0,04 

o,o2 
0 

F P (q2)/F . (q 2) 
M 0 

'\~~+. 
t 

5 10 15 20 25 30 35 

q 2 (fJB/c) 2 

.. /------- ~-----.......... _ 
I 1 --. 

~ 

~~~~~~\~I Fn q2) 
E 

0,5 1. 5 

q' ~fJB/c) 2 

PHc. l . 0THoweHHe HOPMHJ>OBaHHbiX !J>opMQJaKTopoa HyKnoHa F'·n (q2) K .Z.HnOJibHOMY 
EM 

!J>opMQJaKTopy ( 19). 3KcnepHMeHTaJibHble .z.aHHble 8311Tbl H3 pa6oT ( 19-3 I 
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1 

0.8 

0.6 

0.4 

0.2 

0 

0 

FA (q2)/F A (0) 

-~1 
-..........::=--

"""= 

2 

0.5 1 1.5 

q2 (f3B/c) 2 

P11c.2. HopMHpoaaHHbiH aKCHa.JJbHbiH <l>opM­
!J>aKTOP uyKJJoHa F,._(q2) = G,._(ql)/G,._(O). 

KpHaall I : pac'leT no MOJIMH MPro 07), 
2 - JIHnOJibHbiH !J>HT (19) [37). To'IKH -
BNR-aHa.JJH3 H3 paOOTbl [38). 

Oc~HJlJIRTOpHhiH napaMeTp 
OnpeAe.riHM H3 $HTHpoB3HHR 
(14) K 3KCnepHMeHTaJlbHbiM 
A3HHhiM AJIR MaruuTuoro u 3a­
PRAOBoro $opM$aKTOpoB npoTO­
ua. 3TOT napaMeTp OK333.11CR 
paBHbiM a 3 = 0,42 f3B/c2

, '!TO 

COrJiacyeTCR C pe3yJibT3T3MH pa­
OOTbl [9 ]. 

.LJ.a.nee Bbl'lHCJIHM DO <!JopMy­
Jie (15) TeopeTH'lecKoe 3Ha'le­
uue H3KJJOHa 3JieKTpH'leCKOro 

$opM$aKTopa npu q2 = 0: 

dF~(i)/dq2 1 / = 0 = 0,022, '!TO 

COOTBeTCTByeT H3BeCTHOMY 3KC­
nepHMeHTaJlbHOMY 3Ha'leHH10 
0,0202 ± 0,0003 $M2 [18 ]. Ha 

pHC.1 H 2 OOK333HO Cp3BHeHHe 
c 3KcnepuMeHTaJihHhiMH A3HHbi­
MH ( 19-34 ) (CM. T3K.lKe paOOTbl 

[35 1 u [36 J> OTuoUieuuR <PoPM<PaKTopoB uyKJJoua B MOAe.riH MPro K 
H3BeCTHOMY AHDOJlbHOMY $opM$aKTOpy: 

E (i = 1 (19) 
· D ) (1 +if A2 )2' 

E,A 

rAe AJIR 3JieKTpoMaruHTHhiX $opM$aKTOpoB A~= 0,71 (f3B/c) 2 u AJIR 

aKcua.nbuoro A~= 1,02 (f3B/c) 2 [37 ). 

HanoMHHM, '!TO 33PRAOBhiH u MaruHTHbiH <PoPM<PaKTOpbl noAroHRJIHCb 
K 3KcnepuMeHTaJibHbiM A3HHhiM (nepBhle ABa rpa<PuKa ua puc.1) , a oc­
TaJibHhle non y'leHhl 6e3 AODOJIHHTe.ribHbiX napaMeTpoB. BHAHO xopoUiee 
COrJiaCHe C M3rHHTHbiM H 33PRAOBbiM $opM$3KTOpaMH HeHTpoHa. 

TaKJKe ua6JIIOAaeTCR xopoUiee cornacue aKcHa.nhuoro $opM$aKTOpa 
uyKJJoua 0 7) c 3KcnepHMeHTOM [37,38] (puc.2). Opu'leM nOCJieAHHH 
npRMO 33BHCHT OT 33PMOBOro $opM$3KTOpa KB3pKa (18). 

11cnoJih3YR ypaBueHHR (15), 0 4) u (1 8), o~euuM pa3Mephl uyKJJoua 

r( ) = v(r2
( ) ) = v6(1 /2a3 + 1 I M2

) H KBapKa r = v(r2
) = ¥3/ M2

• OT-p,n p,n q q 

CIOA3 OOJiy'laeM, '!TO r( ) = 0, 74 $M, '!TO COrJiaCyeTCR C 3KCnepHMeH­p,n 

TaJlbHbiMH AaHHbiMH, H rq = 0,36 $M. 
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npe~CTaBJieHHaSI MO~eJib ll03BOJISieT ~OBOJibHO npocTO o6hSICHHTb CO­
BOKYDHOCTb 3KCnepHMeHTaJibHbiX ~aHHbiX DO <l>opM<t>aKT paM HyKJIOHa 
npH HCDOJib30BaHHH BCero O~HOro nO~rQH04HOro napaMeTpa. JTOT <t>aKT 
ll03BOJISieT HMeSITbCSI Ha TO, liTO B ~aHHOH MO~eJIH XOpolll ODHChiBaeTCSI 
CTPYKTypa HYKJIOHa. npu 3TOM npuxo~HTCSI HCDOJib30BaTb npe~JIO)KeHHe 
0 .HeT04e4HOCTH KBapKOB, KOTOpoe MO)KeT 6h1Tb B ~aJibHeHllleM npoBe­
peHO B ~pyrux npou.eccax (HanpHMep, MO)KHO Bb14HCJIHTb CHJibHYIO 
:rcN N-Beprnuuy, <l>oPM<t>aKTOphl ~-H3o6apb1, CTPYKTypublc <PYHKU.HH u 
~p.). KpoMe roro, ~auuaSI MO~eJih JierKo o6o6IIJ.aeTcSI ua CJiy4aii cucTeM 
c 4HCJIOM KBapKoB OOJibllle Tpex. 
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KpamKue coo61J¥!HUR OHJ/H !W4/55/-91 
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SUBTHRESHOLD p AND Jhp PRODUCTION ON NUCLEI 
(MONTE- CARLO SIMULATION) 

M.Pentia 1, D.Pop1, N .Ghiord~nescu2 , A.G.Litvincnko, 
A.I.Malakhov, G.L.Melkumov, P.I.Zarubin, V.K.Bondarev3 

The vector meson production, below the nucleon-nucleon kinematical limit, 
was studied by extending the general cross section description for stable particle 
subthreshold production . The final state particle distributions due top and JJ 1/J 

meson production and subsequent decay were investigated by Monte - Carlo 
simulation and phase space integration. 

The investigation has been performed at the Laboratory of High Energies, 
JJNR. 

no~nOpof'OBOe o6pa30BaHHe pe30HaHC08 p H J /tp Ha Sl~pax 
(Mo~e.rmpoBaHHe MeTo~oM MoHTC - KapJio) 

M.neHu.Hsr "~p. 

npoaHaJIH3HJ)OB811 npo11ecc poll<,lleHHII BeKTOpHbiX Me30110B Ja KHIIeMaTH­
•IeCKHM npeneJIOM HYKJIOH-HYKJIOHIIbiX coynape11H.:i c noMOW.btO o6o6w.eHHII 
ce'leHHII J)Oll<.lleHHII CTa6HJlbllbiX KYMYJIIITHBIIbiX ••acTHI\. Pacnpe,11ene H!l ••ac­
THLI OT pacna,11a pe3011aHCOB p H J I ljJ HCcnenosanHCh MeTO.IIOM M011Te - Kapno 
H HIITerpHpoB811HeM no IJ>a30BOMY npoCTpaiiCTBy . 

Pa6on Bbmonuetta n Jla6opaTopHH BbtCOKHX :meprn.:l OIUUI. 

I. Subthreshold Particle Production 

A lot of experimental and theoretical works [ 1-6) on high momen­
tum transfer relativistic nuclear reactions are studying the particle pro­
duction below the kinematical limit of the nucleon-nucleon interaction. 
Generally, in an inclusive nucleus-nucleus interaction: 

A+ B-+ 0 + ... +X (1) 

the threshold for the 0 denoted particle production can be related to 
the x A and x8 scale variable [4 [. It represents the fraction of the p A 

and p
8 

4-momentum of the target and beam particle that could produce 

1Institute for Nuclear Physics and Engineering, Bucharest, Romania 
2Bucharest University, Romania 
3St. Petersburg University, Russia 
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the 0 particle with a given p0 , for the minimum of the squared total 

CM energy of the interacting constituents: 

2 
S = (X A . p A + X B . p B) . (2) 

It means the experimental particle spectra can be described [6] by the 
minimum value s .. It is expressed by the 4-momentum conservation mm 
law and condition of minimum: 

l
(xA ·pA + xB ·PB- Po)

2 = Mi 
ds = 0 
dx ' 

which give the xA and x8 values along with the s . one. mm 
If x A and x B are expressed in nucleon mass fraction: 

xA·mA 
XA = mN , 

xB·mB Xn=m;;· 

(3) 

(4) 

the new variables, when they are X A > 1 or X B > 1, formally define the 

subthreshold production processes. 
The differential cross section for the general process (1) is expressed 

by the square of the matrix element 1m 12
, by the primary particles flux 

density <I> and the Lorentz invariant phase space element dLips [7 ]: 

1m1 2 
da = (j) dLips = 

1m1 2 

4v'(p APo)'- m~mi (2¥>/ a' [P A+ Po- (po + ... + Pxl] x (5) 

d3p 3 
X 0 n d Px 

(2n)32Eo x (2n)32E . 
X 

But, for given rnA, m 8 , p A and p8 we can write: 

d3p 
0 -+ 

da0 = 2£ f(m0, p0), 
0 

(6) 

and the f(m0, Po) could be taken from the experimental data on stable 

particle subthreshold production [6 ]: 
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f(m 0 ,p0) = Kexp - s 1 ~ 2 . exp(- .71p0 1 sm 00) + .l . -+ [ v smin l [o 9 2 -+ 2 . 2 0 J (7) 

( mm) 

We extended this general behaviour of the cross sectio (6) to un­
stable (resonance) particle production. 

2. Particle Production and Decay Rate 

Production rate of an unstable 0 particle in inclusive reaction (1) 
depends, besides the cross section, also on the overall decay rate term. 
As the process looks like: 

X A. m A + X B. m B -+ mO + M X , 

I_ __ -+ m + m 
I 2 (8) 

then the production rate is: 

(9) 

where: <I> 8 is the flux density of the beam particles; a0 , the inclusive 

cross section for the 0 particle production; N A, the number of the A 

target particles; r, the decay probability in time unit, for th e 0 particle. 
After a proper integration, the time asymptotically differential distri­
bution of the 0 particle will be: 

(10) 

The decay rate of the 0 particles into the final state element 
d~ ·d~ can be written by multiplying this dN0 particle number with 

the transition probability [7): 

l 2 4 4 d~ d~ (11) 
dR12=2E I:)JJ0-+1+2 1 (2.7r)a(po-pt-p2) 3 3 dNO, 

0 (2.7r) 2£1 (2.7r) 2£2 

da
0 

in (10) is the differential cross section (6) and r i the decay 

probability in time unit to all possible momenta ~ and ~: 

(12) 
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For unpolarized particle production, the I m 
0 

... 
1 
+2 12 are constant, 

and the integral in (12) is the two-particle phase space one [8 ]: 

~ _. -. . 
4 dpl dp2 lpll;rr 

fa (Po-P, - p2) (2.n)32£ , (2.n)32£2 = ~ 
(13) 

.... y£2 2 .... 2 2 2 where: lp11 =~ - m 1 ; .c.. 1 = (m0 + m 1 - m2)/(2m0). 

If the m
0 

mass distribution is taken as a Breit-Winger one: 

1 dN0 f / (2.n) 
---= 2 2 ' 
N0 dm0 (m

0
- mR) + (f/2) 

(14) 

then the complete differential distribution of the decay rate into the 
fina l state clement d~ · d~ is given by (l}) , accounting also the (10), 

(6), (1 2), (1 3) and (}4): 

m 1 dN0 dR , 2= 4>£1VA~04 (Po-pl-p2)N dm dmox 
lp1 ln o 0 

... i/p0 d~ d~ 
x f(mo , Po) 2£ 2£ 2£ · 

0 I 2 

3. Ttie Final State Particle Distributions 
Due to p and J /!f Subthreshold Production 
and Decay 

(15) 

The final state particle distribution, due to unstable particle produc­
tion and deca y, gives the necessary elements to design and arrange the 
experimental work. They show the spectral characteristics due to both 
kinematics of the process and its dynamics. So, it is possible to correlate 
the action of different detection elements, to organize an efficient trigger 
system and to optimize the detector configuration for a given physical 
process study. 

Any one of the possible distributions is done· by integrating the 
dR 

12 
element (15) over all the variables, except the one specifying the 

distribution itself, which is taken in constant steps on every surface, 
corresponding to constant values of this variable. The multiple integ­
ration, in this work, was carried out by Monte - Carlo method [9 ]. 

The simulated physical processes are an 8.9 GeV /c proton-nucleus 
interaction , followed by a .0 (p and J /!f) particle production a nd decay. 
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The cross section is taken from the stable meson subthreshold produc­
tion [6] and is extended to this vector meson production. We considered 
the two particle final states (pions from p meson decay and electrons 
from J hp meson decay) for integration over their pha e space and 
sought the characteristic distributions. 

The Po momentum is taken as a constant vector, as long as m0 takes 

Breit - Wigner distributed values. The final particle mom ntum vectors 
~ and ~. are generated as two constant module opposite vectors 

fi,•l, isotropically distributed in the CM system of the decaying particle, 
followed by a general Lorentz transformation to the laboratory system. 

The most interesting distributions are presented in the Figures 1-11. 
Every one is based on I 00,000 generated events. The lines on all the 
sraphics are drawn by a spline fit procedure. In the next , we will ana­
lyze the p and J /1/J distributions. The main differences are due to the 
fact that the resonance width is large for p meson (f = 153 MeV) 
and small for J I 1/J meson <f = 0.004 72 MeV). 

- The cross section changes strongly on the p mass interval, but 
on the J /1/J mass interval it is practically constant. Consequently, the 
two-pion effective mass 
distribution, from the p 
meson decay, (the same 
with its mass distributi­
on), shows a strong cross 
section dependence espe­
cially in the low mass 
part (Fig. I), while the 
high mass part shows a 
Breit Wigner 
behaviour. 

By contrary, the two­
electron effective mass 
distribution from the 
J /1/J decay has not any 
cross section influence, 
neither on the J /1/J mass 
nor on its momentum and 
angle values. It is the 

same with the Breit -

Wigner distribution. 

The one-particle 
energy distributions for 

Ill ..... ~ 
c 
Q) 
> w 

I 
I 

,'1 #~ 
:~ .;--~ 
I I 
I I 
I 
I 
I 

1200 1400 

Fig. l . The two-pion effective mass distribution from 
the p meson decay for Pp = 500 MeV / c. The p meson 

production cross section mass dependence and 
Breit - Wigner mass distribution infl ence are plotted 
separately. 
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(/)0 ........ 
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0 
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Fig.2. The one-pion energy distirubiton from the p 
meson decay for Po = 500, 1000, 1500, 2500 MeV I c. 

(/) 
+' c 

~ 

~ 
~§ 

I.J.JN 

J/ 1/1(0) --- e+(1) + e-(2) 

500 

1000 2000 JOOO 
E1 (MeV) 

Fig.3 . The one-electron energy distribution from the 
Jhp meson decay for PI!'/!= 500, 1000, 1500, 

2500 MeY/c. 
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the p and J /1/J meson 
decay products are 
shown in Figs.2, 3. The 
dynamics (cross section) 
and Breit - Wigner 
affect the one-pion dist­
ribution from the p me­
son decay (Fig.2), modi­
fying the pure kinematic 
to rectangular one. For 
the J /1/J decay , because 

the electron CM cos e; 
has uniform distribution 
and the r,hp::::: 0, the 

one-electron energy 
distribution in the labo­
ratory system has also a 
uniform distribution, 
mainly a kinematic rec­
tangular behaviour 
(Fig.3), between the 
limits: 

...,.. ..... 
£ 1 = (.c. 1 ·£0 ± lp11 X 

x liJol!m0 . 

The one-particle 
angular distributions for 
some meson momentum 
values are shown in 
Figs.4, 5. There can be 
seen a net particle 
flight, on the initial 
meson direction, espe­
cially evident for high 
momentum p meson. 
The J /1/J meson has a 
more flat angular dis­
tribution. 

- The opening angle 
distributions of the two 



particles from the p and 
J hp decay are presen­
ted in Figs.6, 7. For the 
two pions of the p me­
son decay, the opening 
angle distribution has a 
clear maximum for 
every p momentum valu­
es <Fig.6). For the two 
electrons of the J /1/J de­
cay, the 812 angle dist-

ribution shows a clear 
low limit, for every 
J /tp energy value 
(Fig. 7), in accordance 
with the well-known 
relation (when m1 = 

_ m << ) . 8 min _ m,- 2 mo · 12 -

= - 2 arcsin (m0/ £ 0). 

- The last analyzed 
distribution is the one­
particle transverse mo­
mentum distribution for 
the decay products of 
the p and J /tp shown in 
Figs.8-ll. Obviously, 
the distributions are 
very sensitive to the p 
and J hp meson emission 
angle 80• As long as 

80 = o·, the one-particle 

transverse momentum 
distributions coincide for 
all the Po values, while 

for 80 = 90• they show 

a strong momentum de­
pendence (Figs.9,10). In 
the same time, the 
electron pt distribution 

Theta rho • 45 deg. 

P-rho 

(IAeV/c) ----=-=~~'if~,..._l 
100 
250 ---
1~ ;_--~~~~--
1500 
2500 

-1.0 -0.5 0 .0 0.5 1.0 
COS(th 1) 

Fig.4. The one-pion angular distrib lion from the p 
meson decay, under 6P =. 45", for Pp = '<?0· 250, 500, 
1000, 1500, 2500 MeV /c 

p(O) --- 11"+(1) + 11"-(2) 
~~~~~~~~~ 

Theta rho • 90 deg 

P-rho 
(IAeV/c) 

100 
250 
500 

1000 
1500 
2500 

0 .5 1.0 

Fig.5. The one-pion angular distribu tion from the p 
meson decay, under 6P = 90", for Pp = I 00, 250, 500, 

1000, 1500, 2500 MeV /c 
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1500 
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180 

Fig.6. The relative flight angle 
distribution of the two pions 
from the p meson decay for 
Pp = 100, 250, 500, 1000, 

1500, 2500 MeV/c 

Fig. 7. The rei a tive flight angle 
distribution of the two elect­
rons from the J I !JI meson de­
cay for PI/VJ = 500, 1000, 

1500, 2500 MeV/c 



Fig.8. The one-pion transverse 
momentum distribution from 
the p meson decay, under 
BP = o·, for Pp = 500, 1000, 

1500 MeV/c 

Fig.9. The one-pion transverse 
momentum distribution from 
the p meson decay, under 
BP = 90•, for Pp = 500, 1000, 

1500, 2500 MeV/c 
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Fig. I 0. The one-electron 
transverse momentum distribu­
tion from the J /1/J meson de­
cay, under BJ/'/1 = o·, for 

PJI., = 250, 2500 MeV /c 

Fig.11. The one-electron 
transverse momentum distribu­
tion from the J /1/J meson de­
cay, under 811'/1 = 90•, for 

p1/'/J = 100, 500, 1500, 



from the J /1p decay for 0
0 

= o·, shows a clear p~ax limit (Fig.l 0). If 

the cross section influence can be neglected, then the p~ax can be ex­

pressed, in the same m1 = m
2 

<< m0 approximation, as [ 10 ]: 

p~ax = m0/2, and is independent of the J /1/J momentum (e ergy). 

4. Conclusions 

Phenomenological approach of the subthreshold producti n [6 I was 
extended from the stable particle (pseudoscalar mesons, protons and 
antiprotons) top and J /1/J vector meson production. Using the Monte -
Carlo simulation and the final state phase space integration, we propose 
some particular distributions. Analyzing the characters, peculiarities and 
kinematical aspects of this distributions it is possible to prepare a proper 
experiment for the study of the p and J /1p meson production in nuclear 
subthreshold interactions. 
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