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ABSTRACT
In the case of proton-proton interactions, the variation of differential elastic scattering cross-section
as a function of four momentum transfer ‘t’ shows diffraction behavior and a markable dip in the
differential cross-section is found near the four momentum transfer t = 1.4 (GeV/c)? In the present
work an attempt has been made to study the position of the diffraction minima (ta,), the position of
the secondary maxima (tma), the differential scattering cross-sections at the dip and at the secondary
maxima. The parameterization of these physical quantities have been proposed for the calculations
and the results are compared with the experimental data. The energy dependence of these quantities
have also been taken in to account. The proton-proton elastic scattering have been considered for a

wide range of centre of mass energy ( w,f'Ts), from 5.0 GeV. to 2000 GeV.
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INTRODUCTION

Elastic scattering is the simplest form of interaction between two particles. In elastic
scattering process, the angular distribution of the scattering cross-sections have attracted
the attention of many workers (Alsad, Z. et al., 1983, Abazob, V,M. et al., 2012 etc). In the
case of proton-proton interactions, the variation of differential elastic scattering cross-
section as a function of four momentum transfer ‘" shows diffraction behavior and
deserves special mention. A markable Dip in the differential cross-section is found near t
1.4 (GeV/c)2.

The differential elastic scattering cross-section involves, the Coulomb, interference and
nuclear amplitudes. In very forward direction the differential cross-section is dominated
by the real coulomb amplitude (Castaldi, R. 1985). The magnitude of Coulomb and nuclear
amplitudes are of the same order and may give rise to a non-negligible interference effect.
The main feature of proton-proton elastic scattering is the appearance of a sharp minima
(dip), followed by a secondary maxima (Alsad, Z. et al., 1983). Several authors and
collaborations (Avila, C. et al., 2002, Amos, N.A. 1990 etc) have made detailed studies of
the dip structure and its energy dependence. The dip becomes more and more
pronounced with increasing energy and then recedes.

In the present work an attempt has been made to study the position of the diffraction
minima (4p), the position of the secondary maxima (tm), the differential scattering cross-
sections at the dip and at the secondary maxima. The parameterization of these physical
quantities has been proposed for the calculations and the results are compared with the
experimental data. The energy dependence of these quantities have also been taken in to
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account. The proton-proton elastic scattering have been considered for a wide range of
centre of mass energy (v/s), from 5.0 GeV to 2000 GeV.

THE REGION OF COULOMB-NUCLEAR INTERFERENCE

The most striking feature of high energy proton-proton elastic scattering is the division of
the angular distribution of the scattering cross-section into three distinct regions of
momentum transfer. The Coulomb-nuclear interference region takes place in the 0.001 <
Itl < 0.01 (GeV/c)? region. The Coulomb-nuclear interference effect becomes more and
more important as the incident energy increases. Different authors (Negy, E. et al,
Gauron, P. 1988 etc) fitted the p-p differential scattering cross-section, using the
parameterization,

do/dt = n[f. + £]° (1)
Where, f, and f are the Coulomb and Nuclear amplitudes respectively.

The relative importance of the interference term is minimum, when the nuclear and
Coulomb amplitudes are comparable. The measurement of the interference term allows
the determination of the phase of the nuclear scattering amplitude in the forward
direction (Castaldi, R. 1985), which is usually expressed as the ratio (p) of the real to
imaginary part of the scattering amplitudes at four momentum transfer (t)=0.

The real part of the elastic amplitude is related to the imaginary part via dispersion
relation (Bronzan, ].B. et al., 1974). On the other hand the imaginary part at t = 0, it is
related to the total cross-section by the optical theorem. As a consequence, it is possible to
write the parameter (p) at a given energy as an integral of the total cross-section over
energy. Such an integral relation can be approximated by a local expression, which relates
(p) to the derivative of a,,, with respect to energy,

(p) =(w /205 ) dTo:/dIns wen(2)

THE DIFFRACTION PEAK REGION (ITI < 1.0 (GeV/c)?
This region of the angular distribution is weakly energy dependent. There is a sharp
forward peak for 0.01 < Itl < 1.0 (GeV/c)2 The forward peak is generally, recognized to be
diffractive or shadow scattering phenomenon (Break-stone, A. et al., 1984), caused by the
absorptive process in high energy p-p interactions. The data on p-p elastic scattering
cross-section is represented by an exponential dependence on ‘t’ (Giacomelli, G. 1979),
ie,

do/dt = aexp. (bt) we(3)
Where ‘a’ and ‘b’ are two adjustable parameters.

The energy dependence of the slope of the elastic differential cross-section for proton-
proton interactions, indicates a shrinkage in the diffraction peak at a rate of at least In s.
The essential energy dependence of shrinking of the diffraction peak is characterized by
the increase of ‘b’ with energy.

LARGE t-REGION

For the four momentum transfer Itl < 1.0 (GeV/c)?, the angular distribution becomes
more and more flat and have a very strong energy dependent (Alsad, Z. et al., 1983). The
main feature of the p-p elastic differential cross-section in the large t-region, is a
progressive development of a sharp dip around t ~ 1.4 (GeV/c)?, up to ISR energies. The
position of the dip is observed to move toward smaller Itl values, while the height of the
secondary maxima grows in the ISR energy range. At much lower energies, no dip is
observed in the differential cross-section distribution for proton-proton scattering, but
only a break of slope can be observed at It ~ 1.5 (GeV/c)z2
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PRESENT WORK

An effort is made to parameterize the positions of the diffraction dip and the secondary
maxima, for proton-proton elastic scattering. From the experimental data, it has been
found that the position of the dip is nearly proportional to the total cross-section @.,;. In
the present work, a proportionality constant is adjusted to calculate the position of the
dip (taip) as a function c.m. energy, i.e.,

The position of the dip,

td]p = X / Jh:,r .....(4’)
Where, X is a proportionality constant, having a fitted value 57.33.

The fitting of the value of X has been considered for the batter agreement with the
experimental data. Similarly, the position of the secondary maxima has been
parameterized as,

The position of the secondary maxima,

tmax = Y/ Tenr (5)

Where, Y is another proportionality constant, having a fitted value 78.20. This value of Y is
found to be most suitable for the batter agreement with the experimental data.
The differential cross-section at the dip (do/dt),, and at the secondary maxima

(do/dt)...ona max have been parameterized as a function of c.m. energy, on the basis of
geometrical scattering (Negy, E. et al, 1979). The energy dependence of the differential
cross-section at the dip has been parameterized as,

(dﬂf’itjm‘p =a [exp (B taip )]-( Teor )? wene(6)

Where, & and 8 are two adjustable parameters. The value of @ and 8 are fitted for fair
agreement with the experimental data and are found to be @ =3.3x 1077 and B = 1.8.
Similarly, the differential cross-section at the secondary maxima has been parameterized
as,

[dﬂ}dtjsﬂﬂﬂﬂd Tax = a" eXp [B’ ti']"lﬁ!.t’ (t?ﬂﬂl’ - 1935)]( ﬂrﬂ'r)z (7)
Where, @' =4.19 x 10-+and B’ = 1.45 are found to be most suitable.

RESULTS AND DISCUSSION

The calculated values of the positions of the dip (tap) and of the secondary maxima (tmax)
are presented in the Table-1. And the calculated values of the differential scattering cross-
sections at the dip and at the secondary maxima are presented in the Table-2. The
calculations have been done at different c.m. energies from 5.00 GeV. to 2000 GeV. The
variation of the positions of the dip (tap) and of the secondary maxima (tmax) with c.m.
energies are shown in Fig. 1 and the variation of differential scattering cross-sections at
the dip (do/dt);, and at the secondary maxima (do/dt)..cong max With c.m. energies

are shown in Fig. 2. The position of the dip may be assumed to be the last point of fast
decreasing differential cross-section and the position of the secondary maxima may be
assumed to be the last point of the increasing differential cross-section.

The most salient feature of the elastic differential cross-section for p-p scattering is the
presence of a pronounced peak around the forward direction, which decreases almost
exponentially. As energy increases, the slope of p-p forward peak becomes steeper
irzdicating, in optical analogy, an expansion of the interaction radius, proportional to
V0.,.. The results of the present parameterization show the same proportionality. The
position of the secondary maxima is also s-dependent. The fitting shows an excellent
agreement with the experimental data.
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Table1l: Positions of the dip (T4ip) and of the secondary maxima (Tmax) in the proton-
proton elastic scattering

o~ c.m. Energy Calculated Experimental Calculated Experimental
.No. - = 2 .
(v/5) Gev (Taip) (GeV/c)™ | (Taip) (GV/c)™ | (Tmax) (GeV/c)” (Tmax) (GeV/c)”
1. 5.00 1.443 1.972
2. 5.80 1.462 === 1.986 ===
3. 7.10 1.480 2.021
4. 9.80 1.494 1.524 £ 0.008 2.042 2.024 = 0.006
5. 13.00 1.494 1.465 +0.006 2.041 1.983 + 0.006
6. 18.00 1.475 1.538 +0.007 2.014 1.994 = 0.005
7. 20.00 1.465 === 2.003 ===
8. 23.40 1.450 1.440 +0.003 1.980 1.971 + 0.004
9. 26.00 1.437 1.960
10. 30.50 1.416 1.410 +£0.003 1.934 1.932 + 0.003
11. 44.60 1.359 1.370 +£0.005 1.857 1.918 + 0.003
12. 52.80 1.332 1.340 +0.006 1.820 1.813 + 0.004
13. 62.10 1.304 1.310 £0.012 1.776 1.807 = 0.004
14. 100.0 1.216 1.661
15. 200.0 1.087 1.486
16. 630.0 0.883 1.232
17. 800.0 0.858 1.173
18. 1000.0 0.826 1.129
19. 2000.0 0.736 1.005
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Fig. 1: Positions of the dip ( £4;, ) and of the secondary maxima (£, ) at different

energies between 3 GeV and 2 TeV. The solid curve represents the position of the dip and
the dashed curve represents the position of the secondary maxima
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Table 2: Differential scattering cross-sections at the dip (do/dt) ,;, and at the
Secondary maxima (do/dt)....na masx fOr proton-proton scattering

c.m. Energy Calculated Experimental Calculated Experimental
S.No. ('v'rS) GeV {dﬂr'rdt]dl'p {dﬂr'rdt]dl'p (do/dt) ecmax (do/dt) ecmax
(mb) (mb) (mb) (mb)
1. 5.00 4.400x 104 4.65x10-5
2. 5.80 3.605 x 104 4.85x10-5
3. 7.10 2.667 x 104 5.39x 10-5
4, 9.80 1.478 x 104 (1.33+1.2)x 104 5.75x 10-5 (5.82+ 1.75)x 105
5. 13.00 7.516 x 10-5 (5.21+2.8)x 105 5.73x10-5 (5.95+ 1.75)x 105
6. 18.00 2.380x 10-5 (2.08+1.3) x 106 5.28x10-5 (5.35+2.4) x 105
7. 20.00 1.430x 105 5.10x 10-5
8. 23.40 4.780 x 10-6 (4.0£0.9)x10¢ 4.77 x 10-5 (4.5£0.30)x 10
9. 26.00 1.370x 10-¢ 450x10-5
10. 30.50 0.080x 10-6 (0.5£0.08)x 106 4.20x10-5 (4.2£0.30)x 10
11. 44.60 1.071x10-5 (13.4+1.5)x 106 517 x10-5 (5.2+£ 0.30) x10-5
12. 52.80 1.794 x 10-5 (1.98+ 0.2) x10-5 5.67 x10-5 (5.81£0.3) x 10
13. 62.10 2.927x10-5 (2.26£0.4)x 105 6.31x10-5 (6.31£ 0.5) x 105
14. 100.0 6.016 x 10-5 8.10x 10-5
15. 200.0 1.011x 104 1.10x 104
16. 630.0 1.455x 104 1.47 x 104
17. 800.0 1.547 x 104 1.53x 104
18. 1000.0 1.618x 104 1.57 x 104
19. 2000.0 1.755x 104 1.63 x10-5
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Fig. 2: Energy dependence of Differential scattering cross-sections at the dip (do/dt) 4,
and at the secondary maxima (¢ /dt) ...ona mazx- The solid curve represents (do /dt) 4,
and the dotted curve shows (da/dt) .. .ona max at different energies.
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The differential cross-section at the dip (dﬂfdtjdip is observed to decrease on increasing
c.m. energy up to 30 GeV and to increase again. Also the differential cross-section at the
secondary maxima (d&/dt) .. .na max decreases on increasing c.m. energy (Vs ) towards

30 GeV, but it shows a decreasing character below 10.5 GeV also. For high energies (Vs >
30 GeV), the (do/dt) ;;,, and (d6/dt) ..cong max DOth increase with c.m. energies, but the

rate of increase of (do/dt) 4, is lower than that of (do/dt) ..cong max-

In a diffractive picture, the imaginary part is assumed to be the dominant scaling
component of the scattering amplitude and is supposed to vanish at the position of the
dip, where only a small real part contributes to the cross-section. This interpretation is
supported by the fact that the ratio p of the real to imaginary part of the scattering
amplitude, goes through zero at about the energy at which the dip is sharpest. In the
similar manner, it is assumed in the present work, that the differential cross-section at
secondary maxima should depend on the position of the secondary maxima and its
deviation from the position of the maximum height of the secondary maxima.

CONCLUSION

The positions of the dip (tsp) and of the secondary maxima (tmax) shift inward, generally, on
increasing the incident energies. The differential scattering cross-section at the dip
(do/dt) 4, depends not only on the behavior of ( 7., )2 but it depends also on the t-
dependent behavior of the differential cross-section (do/dt) in the peak region. The
differential cross-section at the secondary maxima (do/dt)....na mar depends on the

position of the secondary maxima and also on the deviation of its position from the
position of the secondary maxima of maximum height.
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