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ON THE POSSIBILITY OF THE DETERMINATION
OF THE CONSTITUENT MASSES OF COMPOSITE PARTICLES
BY MEASURING FOUR-MOMENTUM TRANSFER

N.G.Fadeev

The method of determining the constituent masses of composite
particles by measuring four-momentum transfer is given in this paper.
The idea of the new approach proceeds from the quark-parton presen-
tation of deep-inelastic interactions and differs from the traditional
methods connected with the phenomena of particle passage through
the matter. The method was substantiated and tested using experimen-
tal data on the reaction of deuteron breakdown in a hydrogen chamber.
The possibility of practical application of the new approach to other
inelastic particle interactions is discussed.

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

O BO3MO>KHOCTH ONpenesIeHUaA MacC KOHCTUTYEHTOB
COCTaBHBIX YacTHI{ Ha OCHOBe M3MepeHUA
riepefaHHOro 4-UMITyibca

H.I'.®aneen

B paBore u3naraeTca MeTO[ ONpeNe/ieHHA MacC KOHCTHTYEHTOB
COCTABHBIX YaCTHI[ Ha OCHOBE H3MEDEHMA INEpEeNAaHHOro 4-HMIYJIbCa.
B ommuMe OT TpaJMUHMOHHBIX CNOCOGOB, CBA3IHHEIX C ABJICHHAMH
IIPOXOXACHUA YACTHI Yepe3 BEILICCTBO, HAEA HOBOI'O NMOAXOHA HCXOMHT
M3 KBapK-TapTOHHOTO TIPENCTaBICHHA ITTYGOKOHEYIpYTHX B3aHMOJEH-
crBaii. MeTom 060CHOBaH M NPOBEPEH HA IKCNEPUMEHTAIBHBIX MaH-
HBIX peaKIMH pa3Baina JeATpoHa B BOIOPOMHOMK KaMepe. O6Gcyxnalorcs
BO3MOXHOCTH IIPAKTHYECKOTO MPHMEHEHHA HOBOTO MOJAXOHA K JIpYTHM
HeYNpyTriM B3aHMOIeHCTBHAM YaCTHLI.

PaGora BrmosymeHa B JlaGopatopum BhicoxHX 3Hepruii OWSAH.

Introduction
The present-day methods of particle mass determination are based

on a variety of phenomena accompanying the passage of particles thro-
ugh the matter: ionization, multiple scattering and so on. The suggested
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approach differs in principle from the traditional methods and its idea
lies in the quark-parton picture of inelastic interactions.
A systematic investigation of the deep-inelastic scattering process

E+N—>E+X, (ezepﬂ-ivr N:"n’p) . (1)

allows one to find an interesting feature of these reactions, namely
leptons are elastically scattered on free constituents (partons) of the
nucleon’ /. The parton mass xmy (my is the nucleon mass) is comple-
tely determined by four-momentum transfer. Thus, the hadron mass M,
can be always presented as an effective mass of two partons xm and
(1 —x)my.

On the other hand, the presentation of nucleon as a composite
particle of unbound partons contradicts the real situation: the nucleon
manifests itself as a sufficiently hard system.

In this situation it seems logical to assume the existence of real
bound constituents of the nucleon instead of free partons. So, the
question on the relation of free partons to real constituents and their
masses arises.

From all the variety of properties, which the real constituents
may have, the property of constancy of their masses is enough to deter-
mine them, at least in the specific cases.

Method

An obvious example of the reaction, in which both assumptions
(i.e., constituents exist and their masses are the same in different events)
are satisfied,

d+p-p+X
(2)

p+n

is the reaction of deuteron breakdown in a hydrogen bubble chamber/ 2(
In this reaction the proton from the deuteron is simply identified from
the target-proton, consequently, four-momentum transfer is known,

To illustrate our approach and also to control its validity, let us
restrict the selection of events just to the type (2), i.e., the reactions
with pion production will not be under consideration.

It is easy to notice that the kinematics of reaction (2) in the anti-
lab. system is identical to that of reaction (1) in the lab. system.
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Let us introduce the following notations for reaction (2):

Kb+Ka =K;+Kx .

1=K, -K;, @ --¢°, x-@?2my, v-E,-E{, (3)

2 2 2 2
Ky =M] =my+2my v -Q°,

where K, Kb and K are the four-momenta of the projectile, target and
hadron system X, respectively, Q2 is the 4-momentum transfer squared;
X, the Bjorken variable; v , the difference between the energies of the
projectile before and after scattering; and M,, the effective mass of the
hadron system X,

Figure 1 illustrates the x, Q2 and M2 distributions for reaction
(2) at a 3.31 GeV/c deuteron momentum per nucleon.

It should be stressed that the parton representation of inelastic
interactions (1) and (2) allows the hadron vector K, to be expressed
as a sum of two four-vectors corresponding to the partons with masses
xmy and (1 —x)m:

K = Kx1+ K

X x2 *

2 2 2 2 2 (4)
K7=M] = (xm )"+ (ym,) +2xymbch(px+py),

where y =1 — x, p_ and p_ are parton rapidities in the rest system
x y .
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" Fig.1.x, Q% M2 distributions for the reaction of deuteron breakdown in a hydrogen
bubble chamber at a momentum of 3.31 GeV/c per nucleon.
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of the hadron mass M, (see Fig.2). In Eq. (4) the masses of all particles
are known, therefore their velocities (rapidities) are also defined /37,

thp , = ymy Shpxy /(xmb+ymb0hpxy ),
(5)

thp, =xm shp, /(ym +Xm chp, ),

where pyy =pyx +py .
By analogy with (4), let us introduce the real constituents with
masses m, and m:

1 2
x K+ Ky,
2 2 2 2 (6)
Ky =My =m +my +2mmych(p +p, ),

where p,, po are the corresponding rapidities of the new particles.
From Eq. (6) one can express the masses m; and mgy through their
velocities (rapidities):

m, =Mx,Shp2/Shp12, m2=MxShp1/Shp12, (N

where p,5 = p; + po. From Eq. (7) one can see that m, and m, are
defined by the values of p; and ps and do not depend on the space
orientation of pjp, i.e. the masses m; and m, are independent of angle
a (Fig.2). Therefore it is more worth-while to change the variables:

Py=Py =B Py =Py ¥h,. (8)
Mg
\
-1
<Az‘92
mg Mg
(1'X)mg 0'

Fig.2. Kinematic diagram of reactions

m, xmg (1), (2} in the velocity space.
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1 Fig.3. Solution of system (10) as
m (GeV) | a function of the parameter ’002, Jfor
- \4 two different events of reaction (3)
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Comparing Eqs.(4) and (6), we have:
2 2 2

(K ,-K )% =(R,-K)%-Q7,
m§+(xmb)2—2xmbmlchA1 =Q62, (9)

2 2 A Y
m%, + (ym )° -2ym m,chA, = QF,
where Qi is a new unknown parameter corresponding to Q: for a = 0.
The parameter ng reflects the above statement that the masses m, and
m, are functions of the values of g, and p, and do not depend on the
space orientation of pjo.

Expressing m y and my by Eq. (9) and comparing them with (7) ta-

king (8) into account, one can find:

Sh(py+A2)

xm, chA, + (amyshA )? + Q%)% — m,
Sh(pgg—B 1+ Ag) 10)
sh(py-Ay)

ym,ch Ay ¥ ((ymbshA2)2 -1-Q§)1/2 =M

* shipy ~Ay+Ag)
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i.e., the system of two nonlinear equations with three unknown para-
meters A,, A, and Q'%. The experimental data of the reaction (2) show
how to select the appropriate sign in Egs. (10): (+) forthe first equa-
tion, (—) for the second one if x < 0.5 and vice versa if x > 0.5.

The limits of on can be set for the requirement that m 4 and mgy
are positive (upper limit), and radical expressions are positive too (lower
limit):

-(meshpx)g <Q§< (ymb)g, X< 0.5,
(11)
~ (ymyshp ) <QZ< (xm)? x> 05,

For the fixed value of Qg from system (10) one can find the values
of m; and m, as a function of Qg . Figure 3 presents the solution of sys-
tem (10) for two real events. The lower limit of on was chosen only
from the positive part of interval (11).

It is necessary to determine the approprative value of on for a fi-
nal choice of the values of m; and my. For this purpose let us assume
that different events of reaction (2) (i.e., different x and Qz) have the
same constituents with the same masses:
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Fig4 x — Qi distribution for reaction (2).
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'ml(Qi)i +m2(Q§)i = const

(12)
m1(on)i' m2((;)(2,)i =consty, i= 1+n,

where n is the number of events.

Figure 4 gives the experimental x and Q“2 distributions. The neutron
and proton masses for m; and m, were used to calculate the values
of Q2 From these data one can see that different events have the same
value of Qﬁ over a small interval of x. Th1s experimental fact can be used
to choose the appropriate values of Q Namely, from all events one
should select those which have crossover points of the curves for m (Q2)
or m, (Qg) and find the intersection point of Q Figure 3 ﬂlustrates
the vahdxty of these statements: two curves, wh1ch correspond to diffe-
rent events, intersect at the value of Q f just for the right masses m, and
m,.

So, the procedure of determination of the real constituent masses
reduces to solving the nonlinear system of equations (10) for each event
and to finding the groups of events with the same value of Qi .

Conclusion

For a practical application of the new approach it is useful to
stress the main conditions in the framework of which it has been for-
mulated: 1) the components of the four-momentum transfer are mea-
sured, 2) real constituents exist, 3) there is a set of events with similar
constituents.

Obviously, there is no doubt that this approach can be applicable
to reaction (2): just on the basis of this reaction it was substantiated
and tested. But its extension to reactions (1) and (2) with secondary
pion production still seems unambiguous and requires some further
investigation,

On the other hand, poor information on inclusive reactions presents
some difficulties in studying details of the dynamics of particle interac-
tions. Thus, the suggested method can be useful in its application to
different kinematic regions. This approach seems promising for the
investigation of a hadron shower in reaction (1): quark and diquark
fragmentation, selection of prompt secondaries and jets. For instance,
the selection of prompt particles will make it possible to redetermine
the values of four-momentum transfer and to reduce the task to the
above version.
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Future neutrino experiments at UNK with spectrometers used
to measure and to identify all particles of a hadron shower look pro-
mising for such kinds of investigations,

In conclusion the author would like to express his gratitude to
A.M.Baldin, V.V Kukhtin, I.A.Savin, G.I.Smirnov, G.A.Emelyanenko,
A.V_Efremov, M.I.Soloviev, A.P.Cheplakov and V.V.Glagolev.
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