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A bstract

T he analyses of elastic collisions of charged nucleons have been based standardly on W est and
Yennie formula. However, this approach has been shown recently to be inadequate from exper—
In ental as well as theoretical points of view . The efkonalm odel seem s to be m ore pertinent as
it enables to determm ine physical characteristics in in pact param eter space. T he contem porary
phenom enologicalm odels cannot give, of course, any de nite answer as the elastic collisions m ay
be Interpreted di erently, as central or peripheral processes. N evertheless, the predictions for the
planned LHC energy have been given on their basis and the possibility of exact determm ination of
um nosity has been considered.

1. Introduction

T he m easurem ents of elastic scattering of charged nucleons at present high energies El ]—B Jhave
attained am ple statistics enabling to perform very precise analyses of data m easured in a broad
interval of the four m om entum transfer squared t . T he region of t's where the di erential cross
section % can be determ ined covers not only the region where nearly the pure hadron (nuclear)
scattering is dom fnant, ie., tj& 10 > GeV?, but also the region where the Coulomb scattering
plays an in portant rolk, ie., 1j. 10 ? Ge&V? (the latter region being som etin es subdivided into
Coulomb and interference parts). T he com plete scattering am plitude F € * ¥ (s;t), ful 1ling (in the

nom alization used by us) the relation

d (s;t) C+N
—_— = — s;t 11
- e ¥ (11)
has been comm only decom posed according to Bethe Q] into the sum of the Coulomb scattering
am plitude F € (s;t) known from QED and the hadronic am plitude F Y (s;t) bound m utually by a
relative phase  (s;t):
FC'VN (g;0)= ¢ ©PFC (5;0)+ FY (s50); (12)

s is the square of the center of m ass energy, p is the m om entum ofan incident nucleon In the sam e
system and = 1=137:036 is the ne structure constant. The In uence of spins of all particles
nvolved in the elastic scattering has been neglected at the highest energies.

T he com plete elastic scattering am plitude F © * N (s;t) used in the past has been established by
W est and Yennie B] and equals in the st approxin ation to

tot(s)ppg( (5)+ 1) 2,

S i .
FO N ein= —hmEme ©T (13)
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The rsttem corresponds to the Coulom b scattering am plitude while the second term represents
the elastic hadronic am plitude. T he upper (lower) sign corresponds to the scattering of particles
w ith the sam e (opposite) charges. The two form factors f; (t) and £, (t) in Eq. {I.3) describe the
electrom agnetic structure of each nucleon (comm only in a dipole form ) as
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fi0= 1+ ﬁ : (14)

Fomul {I.3) is vald provided the hadronic elastic am plitude (the second temm on its right

hand side) has a constant di ractive slope B together w ith constant quantity  (the ratio of the

real to Im aginary parts of hadronic am plitude in forward direction). Sin ilarly as the total cross

section ,: they can depend only on the energy. The relative phase  (s;t) n Eq. ([LJ) has been
shown by W est and Yennie B] and independently by Locher E]to be

(s;t) = (In( B(s)t=2)+ ) (13)

where = 0:577215 is the Euler constant.

Fom ulas {I.3) and (I.3) have been used for tting the experin entaldata of di erential cross
section for small }jvalues (in the Coulomb, Interference and also In a small adfacent part of
hadronic dom ain) and the three m entioned quantities ., B and have been determ ined. At
larger tjvalues (ie., In the hadronic region) the in uence of C oulom b scattering has been usually
fully neglected and elastic scattering has been described w ith the help of phenom enological elastic
hadronic am plitude F¥ (s;t) which usually has exhibited a m uch m ore com plicated t dependence
in this hadronic region than in Eq. {I.3). The di erent regions of di erential cross section have
been described by two di erent form ulas (m oreoverbased on Incom patible assum ptions) which has
been recognized as in portant de ciency.

In the ®llow ing section (Sec. [) we will show in m ore detailwhich assum ptions the form ulas
(I3)-(I_3) arebased on and w hat are the lim its of their use in analyses of contem porary experin en—
taldata. In Sec.[d we will then discuss the approach based on the ekonalm odelwhich not only
rem oves the corresponding lin itations but also which describes the comm on in uence of both the
Coulom b and hadronic interactions in the wholem easured region ofm om entum transfers uniguely
w ith only one form ula for the com plete elastic am plitude. T he tdependence of the elastic hadronic
scattering am plitnde F ¥ (s;t) derived from experin entaldata w ithin the etkonalm odel enables to
determ ne som e physical characteristics in the fram ew ork of In pact param eter space.

The ain of the presented paper is then contained mainly in the next three sections. The
eikonalm odel approach w ill be used for analysis of four phenom enologicalm odels proposed for a
description of the elastic pp scattering at the nom nalLHC energy of 14 T€V ; them odel predictions
w ill be given and discussed in Sec.[4d. T he problem s connected w ith the estim ation of lum inosity
on the basis of elastic nucleon scattering w ill be analyzed in Sec. [3. The calculated root-m ean-
square (RM S) values of total, elastic and inelastic in pact param eters corresponding to individual
analyzed m odels w ill be given and discussed in Sec. [d. And the results obtained on the basis of
our approach w ill be sum m arized and discussed in Sec.[d.

2. The W est and Yennie form ula

The origihal function (s;t) entering into Eq. ([I.J) has been derived by W est and Yennie E]

w ithin the fram ework of Feynm an diagram technigue in the case of charged point-like particles

and for s m? (m stands for nuclkon m ass) as

z
- n—> A Elet) (21)
e t e P4 FY (s;v)

which has been further sinpli ed and Egs. (I.3)-{I_3) have been obtained. However, sin pli ed
form ulas (I3)~{1.3) could hardly be considered asa filly adequate tool for analyzing elastic nucleon
2



scattering data already in time when they were derived. The issue is that formula (2.) has
contained the integration over all kinem atically allowed values of t while experin ental data has
only covered a lim ited interval of t. Som e assum ptions de ning and lin iting the t dependence of
the hadronic am plitude, ie., itsm odulus and phase de ned in our case as

FY (s = iF Y (s;ne 0 0 22)

has had to be accepted to enable the integration. A s nothing was known about the di ractive

structure in % at that tin e, the two follow ing crucial assum ptions have been accepted:

the t dependence of the m odulus of the elastic hadronic am plitude is purely exponential for
all kinem atically allowed t values,

both the real and im aghary parts of the elastic hadronic am plitude exhibit the same t
dependence for all adm itted t values.

In addition to these crucial assum ptions, som e high energy approxim ations has been added (see,
eg.,Refs. E}—@]). T hen the com plete scattering am plitude has been w ritten in the sin p1i ed form
B] (for details see Ref. @1). Even if the standard ts obtained in the Coulomb and interference
dom ainsm ay seem to be good one cannot be sure about the actualm eaning of tted param eters
since the data for higher Jjvalues have not been taken into account quite correctly.

In som e papers (see, eg., Refs. d,117) the com plete scattering am plitude F©* Y (s;t) has
been, therefore, described with the help of Eq. {I.3) containing the standard W est and Yennie
phase {I.3) and the elastic hadronic am plitnde F Y (s;t) (substituting the second term in Eq. (L3))
constructed on the basis of som e phenom enological deasdeviating from the tw o assum ptionsunder
which Egs. {I3) and {I.3) were derived. Such an approach m ay be regarded, however, as very
approxin ate.

Ttm ight seem thata correct way m ay be reverting back to integralform ula (2.1]) in com bination
with formulas (LI)-{I_3). However, that is not possible, either, if the phase y v (s;t) should
be real. The relhtive phase factor y v (s;t) can be real only provided the phase of the hadronic
am plitude N (s;t) is t independent in the whole region of kinem atically allowed t valies 1; ie., the
quantity (s;t) should be constant in the whole intervaloft. T he contem porary experin entaldata
as well as the phenom enologicalm odels of high energy elastic nucleon scattering show , how ever,
convincingly that the quantity cannotbe t independent. T herefore, one should conclude that also
the integralform ula (2.1]) should be designated as inadequate for the description of elastic hadronic
scattering. Tt is necessary to give decisive preference to a new and m ore suitable approach based
on eikonalm odel. In the follow Ing we should like to dem onstrate the possibilities and advantages
of the etkonalm odelwhich ism ore general and m ore appropriate than that of W est and Yennie.

3. Eikonalm odel approach and m ean-squares of im pact param eters

T he com plete elastic scattering am plitude F ¥ (s;t) is related by FourderB essel transform a-
tion to the com plete elastic scattering ekonal ©* ¥ (s;b) ]
S 2 : h . C+N l
FC+N (S’_qZ _ t)=4— deE:Lq'b e21 (sib) 1 ; (31)

b

where | isthe two-dim ensional Euclidean space of the In pact param eter b.

W hen formula (3.) is to be applied at nite energies som e problam s appear as the am plitude
FC*N (s;t) isde ned .n a nite region of t only. M athem atically consistent use of Fourier-B essel
transform ation requires, how ever, the existence of the reverse transform ation. A nd it isnecessary to
take into account the values of elastic am plitude from unphysical region w here the elastic hadronic
am plitude isnotde ned; fordetails seeR efs. E ). T his issue hasbeen resolved In a unique way by
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Islam @,E ]by analytically continuing the elastic hadronic am plitude F ¥ (s;t) from the physical
to the unphysical region of t ; see also Ref. ﬂ 1.

T he individualeikonalsm ay be de ned as Integrals of corresponding potentials J; and due to
their additivity also the com plete elastic ekonal ©* N (s;b) m ay be expressed as the sum of both
the Coulomb © (s;b) and hadronic ¥ (s;b) eikonals at the sam e value of In pact param eter b ﬂ ]:

€N (s;b)= ©(s;p)+ N (s5b): (32)

T he com plete elastic scattering am plitude can be then w ritten as @]—@]
7
1
FO'N (s;i= F° (s;0+ FY (sj+ —  &*QFC (s;q” FY (silg &TF); (3.3)
s

qO

where 4 is the two-din ensional set of kinem atically allow ed vectors §.
T his equation containing the convolution integraldi ers substantially from Eq. (IZJ). In the
nalform (vald at any s and t) it m ay be w ritten ] as

PO (s5t) = ffl WM+ FY ;00 16 (siD)]; (3.4)
w here

ZO

G (s;t) g n & 4 1 (), () ]+ — FY (sit) (6 (3.5)
sit) = - — — i)
£ oap 2 FY(s;1)

4p 2

and
# £; (), () P
150 = q ©-1 t002 s = t+ £+ 2 t0cos O (3.6)

Instead of the t independent quantities B and , it is now necessary to consider corresponding t
dependent quantities de ned as

B (sit) = - JndN 2 dfN<st>' (3.7)
s;t)= — = — ; .
at ' ar | FY (s;0)ide J
and
(57t = <E (510 (38)
s;t) = : «
=FV (s;t)

T he total cross section derived w ith the help of the optical theorem is then

4
wt(s)= —p==F" (s;t= 0): (39)
P s

The form factors £ (t) and 5 (t) re ect the electrom agnetic structure of colliding nucleons and
form a part of the Coulom b am plitude from the very beginning. But Instead of using the dipole
form factor (I.4) as it has been done in Eq. {I.3) it has been suggested to use m ore convenient
form ula from Ref. 217:

X4
£5(t) = % g= 152 (3.10)

w t
k=1 'K

w here the values of the param eters gy and wy are to be taken from the quoted paper.
As the Coulomb part in formula (3.4) is known the com plete am plitude depends in principle
on hadronic am plitude F¥ (s;t) only. Thus it can be used in two com plam entary ways:
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one can test the predictions ofdi erentm odels of high-energy elastic hadronic scattering that
provide hadronic am plitudes F ¥ (s;t). Then, w ith the help of form ula (3.4) one can calculate
com plete am plitudes F € * N (s;t) that can be com pared to experin ental data by em ploying
Eq. (L),

one m ay resolve phenom enological t dependence of elastic hadronic am plitude F' (s;t) at
a given s (and for all m easured t values), by thing experin ental elastic di erential cross
section data with the help of Eq. (I.Il) and (3.4). The crucial point here is then a suitable
param eterization of the hadronic am plitude F ¥ (s;t).

T he ekkonalapproach brings the possibility ofdeterm ining m ean values of in pact param eter for
di erent kinds of scattering processes. T hese quantities characterize the ranges of forces responsible
for the elastic, Inelastic and total scattering. If the unitarity condition and the optical theorem are
applied to the m ean-squared values of In pact param eter for di erent processesm ay be determ ined
directly from the t dependence of elastic hadronic am plituide F Y (s;t).

T he elastic m ean-square can be determ ined by m eans of the form ula (see R efs. ﬂ 1r @}—@])

R R
dtij LFY (s;05° dt HFY (s;0F LV (si0)
<Hs)>a = 47 + a4t -
at ¥V (s;0)7F at ¥V (s;0)7F
tn in tn in
<B(S)>mod + < B(S)>pn; (311)

w here the m odulus of elastic hadronic am plitude itself determ ines the st term and the phase (its
derivative) in uences the second term only; note that both tem s are positive.
The totalm ean-square can be determ ined w ith the help of the optical theoram by (see Ref.

24y
' (s)i,, = 2B (s;0); (312)

the di ractive slope B (s;t) being de ned by Eq. (3J1).
A ccording to the unitarity equation the averaged inelastic m ean-square is related to the total
and elastic m ean-squares as @]

tot (S)

(3.13)
ine1(s)

n (s)iy,., = S (8)i,,

4. M odelpredictions for pp elastic scattering at the nom inalLH C energy

In connection with the TOTEM [24,/27]and the ATLAS ALFA [28] experin ents where elas—
tic pp scattering will be studied, the predictions of four m odels proposed by Islam et al @1,
Petrov, Predazzi and P rokhudin @ ], Bourrely, So er and W u lja] and B lock, G regores, H alzen
and Pancheri @1 w ill be discussed. Two di erent altematives for the m odel of Petrov et al. @]
w ith two pom erons (2P ) and w ith three pom erons (3P ) w illbe considered. T he m entioned m odels
contain som e free param eters in the form ulas describing their s and t dependences. T heir values
can be found in the quoted papers. T he predictions for the nom halenergy of 14 TV are shown
in Fig.[d (sm all ¥jregion) and Fi.[d (large tjrange).

T he total cross section o (s), the di ractive slope B (s;t) and the quantity (s;t) have been
determ ined w ith the help of form ulas (3.9), (3.7) and (3.8)) or each m odel. T he integrated elastic
hadronic cross sections have been determ ined by integration ofm odi ed Eq. (1) containing only
FY (s;t). The values of all these quantities are given in Table 1; the corresponding graphs are
shown in Figs.[d -[4. It is evident that the predictions of divers m odels di er rather signi cantly;



the totalcross section predictionsrange from 95mb to 110mb. Anothervalie0of101.5m b follow ing
from the formula

0:0808 0:4525

S S
wor(s)= 2170 — + 5608 — m b; So=1Gev? (41)
So So

has been given by Donnachie and Landsho [33]with the help of Regge pole model t of pp
total cross sections perform ed at lower energies. A higher value of .+ has been established
by COMPETE collaboration [34] o = 1115 127, mb which has been determ ined by
extrapolation of the tted lower energy data with the help of dispersion relations technigue. Let
us ram ark that there isno reliable theoretical prediction for thisquantity: eg., the latest prediction
on the basis of Q CD for this quantity hasbeen 125 25 mb(BS]. The predictions of % values for
higher values of fjare shown in Fig.[J; they di er signi cantly for di erent m odels. Let us point
out especially the second di ractive dip being predicted by Bourrely, So er and W u m odel [31].
T he predictions for the t dependence of the di ractive slopes B (t) are shown in Fig.[3. They di er
signi cantly from the constant dependence required in the simpli ed W est and Yennie formula
{I3). Fig.[ddisplays the t dependence of the quantity (t) that is not constant, either, as it would
be required by the second assum ption needed for validity of form ula {I.3). Figs.[3 and [4 represent,

m odel ot el B (0) (0)
mb] Mmb] Gev ?]

Islam etal. 10917 2199 3143 0.123
Petrovetal (2P) 9497 2394 1934 0.097
Petrovetal (3P) 10822 29.70 20.53 0.111

Bourrely et al. 10364 2851 20.19 0121

Block et al. 106.74 3066 1935 0.114

Table1l: T hevaluesofbasic param eters predicted by di erentm od—
els for pp elastic scattering at energy of 14 TeV .

therefore, further support for the use of the ekonal form ula for the com plete elastic scattering
am plitude (34). Fig. [@ shows then the t dependence of the ratio of interference to hadronic
contributions of the % for all of the given m odels, ie., of the quantity

p = T (s;F  F© sind FN sing @2)

FY (sit)F ’

T he graphs show clearly that the In uence of the C oulom b scatteringm ay hardly be fully neglected
also at higher values of 1j. It is interesting that at least for an all Jjthe given characteristics are
very sim ilar.

5. Lum inosity estim ation on the basis of pp elastic scattering at the LH C

An accurate determ ination of the elastic am plitude is very Im portant in the case when the
um inosity of the collider is to be calbrated on the basis of elastic nuclkon scattering. The um i-
nosity L relates the experim ental elastic di erential counting rate dl;tel (s;t) to the com plete elastic
am plitnde F Y (s;t) (see Eq. {I]) and Refs. 34,131)) by

1dNer v cen 2.
Do S0 o F (s;0Ff: (5.1)
6




do/dt (mb/GeV?)

700 T T T — 104 LI L I L L |
L Islam et al. ~ Islam et al.
L e Petrov et al. (2P) % o2k Petrov et al. (2P)
- — — — Petrov et al. (3P) % — — — Petrovet al. (3P)
N —— —— Bourely et al. é 100 —— —— Bourely et al.
600 F~>~ === Block etal. (=A== Block et al.
IR i L,
L o 10
~ ~
L 10—4
500 [~
- 1076
- ] 10-8 .
400 [~ ] 10710
| | | | | | | | | 10-12
0 0.002 0.004 0.006 0.008 0.01 1 2 3 4 5 6 7 8 9
[t (GeV?2) [t (GeV?)
Figure 1: ?ﬂ—t predictions at low 7%j for pp scatter— Figure 2: ?ﬂ—t predictions for pp scattering at 14 TeV
ing at 14 TeV according to di erentm odels (in very according to di erentm odels (in a larger interval of
forw ard direction). t).
— L I L I 1T sl \ H I T T
[a\] >t al. : -
| 30 slam et al
> o e Petrov et al. (2P) : —
(i'jv — — — Petrov et al. (3P) 7
- —— —— Bourely et al. __
S 20 ————— Block et al. ": ]
Q : i
Lo - . \ N _
-l 1 SN
I i LT~ T
10 — T~ N ?\_
LE ] N
I i N
B _._—-—‘ "—:—:_—_m——: : Islam et al.
0 / = ~~~~~~~~~ Petrov et al. (2P)
i W i £ |- - - Petrov et al. (3P)
B il 1 —— - Bourely et al.
B : | | | | T i — - — Block et al.
_10 | I T | T - 111 | T | I - -
0 1 2 3 4 3 4 5
[t (GeV?) It] (Gev2)
Figure 3: The di ractive slope predictions for pp Figure 4: The (t) predictions for pp scattering at
scattering at 14 TeV according to di erent m odels. 14 TeV according to di erent m odels.

Eq. (&) is valid for any adm issble valie of t. The valie L m ight be in principle calibrated
by m easuring the counting rate in the region of the an allest jjwhere the Coulomb am plitude
is dom Inant. However, this region can hardly be reached at the nom nal LHC energy due to
technical lin itations. A procedure allow ing to avoid these di culties m ay be based on Eq. (&),
when the elastic counting rate m ay be, In principle, m easured at any t which can be reached, and
the com plete elastic scattering am plitude F©* N (s;t) m ay be determm ined w ith required accuracy
at any 1j, too. However, in this case it will be very im portant which form ula for the com plete
elastic am plitude F € * Y (s;t) willbe used.

W e have studied the di erences between the W est and Yennie sim pli ed form ula (see Egs. (I.3)
and (I3)) and the ekonalm odel (Egs. (3.4)-{3.4)). The di erences can be well visualized by the
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IS INS Islam et al.
~ D RTINS Petrov et al. (2P) 7]
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————— Block et al. 2\
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Figure 5: T he tdependence of the ratio of the inter— Figure 6: The R (t) quantity predictions for pp scat-
ference to the hadronic contributions to the % for tering at 14 TeV according to di erent m odels.
pp elastic scattering at 14 TeV according to di erent
m odels.
quantity

Foo N sind F L sinT
FEIN 507
w here Fecﬂz " (s;1) is the com plete elastic scattering ekonalm odelam plitude, while F S 4" (s;t) is

the W est and Yennie one. T he quantity R (t) is plotted in Fig. (@) for severalm odels.
Them axinum deviations lie approxin ately at ]

R (t) = ; (5.2)

it & 0oo06a Gev?; (5.3)
tot
w here the C oulom b and the hadronic e ects are expected to be practically equal. Let us em phasize
that the di erences between the physically consistent eikonal m odel and the W est and Yennie
formula may reach alnost 5 $ . Tt m eans that the lum inosity derived on the basis of elastic pp
scattering at the energy of 14 TeV m ight be burdened by a non-negligible system atic error, if
determ Ined only from a sm all t region around tin¢.

6. R oot-m ean-squared values of im pact param eters

T he in pact param eter representation of elastic hadronic am plitude F ¥ (s;t) allow s to establish
di erent rootm ean-squared (RM S) values of in pact param eters that represent in principle the
ranges of hadronic interactions. Their valies calculated w ith the help of formulas (3.11)-(3.13)
for each of the analyzed m odels and expected at LHC nom inal energy are shown in Table 2. The
values of elastic RM S are In all cases low er than the corresponding values of the inelastic ones. Tt
m eans that the elastic pp collisions would be m uch m ore central then the inelastic ones; sin ilarly
as in the case of pp scattering at the ISR energies for all these m odels; this should be recognized as
a puzzle, seeRef. ]. Tt can be interpreted as a consequence of adm itting only a weak (standard)
t dependence of elastic hadronic phase in allm odels. T he given puzzle can be rem oved if the used
elastic hadronic phase Y (s;t) is allowed to have a m ore general shape of t dependence (see R efs.

,l4,02,04,[2d,[23y.



<K, > < B> < B>
m odel [fm ] [fm ] [fm ]
Islam etal 1.552 1.048 1659
Petrov et al. (2P) 1227 0875 1324
Petrov et al. (3P) 1.263 0.901 1375
Bourrely et al. 1.249 0.876 1.399
Block et al 1223 0.883 1336

Table 2: T he values of root-m ean-squares predicted by di erent m odels.

W hile the t dependence of m odulus FV (s;t)j can be determ ined from the m easured elastic
hadronic di erential cross section the t dependence of phase rem ains rather arbitrary (as already
m entioned ). And it is possible to choose signi cantly di erent phase dependences [24].

It is, how ever, alm ost generally assum ed that the In aginary part of elastic hadronic am plitude
is dom inant in a broad region of }jaround the forward direction; it is taken as slow ly decreasing
w ith rising }jand vanishing at the di ractivem Inin um . T he realpart is assum ed to start at sm all
value at £j= 0 and to decrease, too, having still non—zero value at the di ractive m ininum . Tt
m eans that the t dependence of the phase Y (s;t) is very weak and becom es signi cant only in
the region ofdi ractive m inin um . H ow ever, the existence of di ractive m inIn um does not require
zero valie for its im aginary part at this point. It means only that the sum of both the squares of
realand In aginary parts shoud be m inim alat this point. T he m entioned requirem ent of vanishing
In aginary part representsm uch stronger and m ore lim iting condition then the physics requires.

Regarding Eq. (3I1l) it is evident that very di erent elastic RM S values m ay be cbtained
according to the chosen t dependence of the phase ¥ (s;t). O ne should distinguish between the
50 called central picture (the st term dom nates) and peripheral picture (decisive contribution
com es rom the second term when the phase increases quickly w ith rising t and reaches =2 at
13’ 01 Gev?). Thevalue < I > is lesser than < If > ;ne1 I the centralcase whilke < IF > o is
greater than < ¥ > jpe1 In the peripheral case. T he proton in the central case has been regarded
as relatively transparent ob ct which still represents a puzzling question (see, eg.,Refs. [38]and
39]). And m ore detailed m odels of elastic hadronic scattering giving the peripheral distribution
of elastic hadronic scattering should be considered and proposed. Only In such a case one m ay
avold the situation when the elastic hadronic scattering at high energies ism ore central than the
inelastic ones as it follow s Imm ediately from the FourierB essel transform ation of elastic hadronic
am plitude. T hus no a priori lin tations of elastic hadronic am plitude should be Introduced in the
corresponding analysis of experim entaldata and di erent possibilities should be analyzed.

A s to the pro les in the in pact param eter space the peripheral behavior seam s to be slightly
preferred on the basis of analysis of pp experin entaldata at 53 G €V and pp at 541 G &V (see 20]).
T he peripheral picture is supported also by analysis of elastic scattering of particles on various
targets (*H ; %H ; °H e; “H e) [40]perform ed w ith the help ofG Jauberm odelw here the ‘elem entary’
nucleon-nucleon elastic hadronic am plitude has exhibited sim ilar t dependence of phase N (s;t) as
in our peripheralcase [20].

7. C onclusion

In the past the analyses of high energy elastic nuclon scattering data in the region of very
an all fjwere perform ed w ith the help of the sin pli ed Interference form ula proposed by W est
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and Yennie and incliding the in uence of both Coulomb and hadronic interactions. At higher
valies of m om entum transfers the n uence of Coulom b scattering was neglected and the elastic
scattering of nucleons w as described only w ith the help of a hadronic am plitude having dom inant
Im aginary part in a broad region of t and vanishing only at the di ractive m ininum . And it is
evident that such a description of elastic nucleon scattering w ith the help oftwo di erent form ulas
for the com plete am plitude represents signi cant de ciency.

A m oregeneraleikonalm odelhasbeen proposed. It describes elastic charged nuclon collisions
at high energiesw ith only one form ula for the com plete elastic am plitude in the whole kinem atical
region of t. Thism odel is adequate for any t dependence of the elastic hadronic am plitude and has
been successfillly used for the analysis of elastic pp and pp scattering data at low er energies — see,
eg.,Ref. @ 1.

T he attention of this paper has been devoted also to the LHC experin ents that willm easure
proton-proton elastic scattering , ]. Severalphenom enologicalm odelpredictions fordynam ical
quantities of interest have been discussed. A certain problem m ay be seen, however, in the fact
that practically all considered allow centralbehavior only.

A ttention has been devoted also to the problem of um inosity determ nation as the valies of
all other quantities are a ected by its value. The m odel predictions indicate that a system atic
di erence up to 5 % m ight occur between the ekkonaland the W est and Yennie form ulas.

Tt is also necessary to callattention to the fact that the contribution of the C oulom b scattering
cannot be fully neglected at rather high §jvalues, either. However, the m ain open question
concems the fact that the experimn ental data of the di erential cross section give directly the t
dependence of the m odulus, while the t dependence of the phase is only little constrained and
m ay depend on som e other assum ptions or degrees of freedom . A ny analysis of experin entaldata
should, therefore, always contain a statistical evaluation of two di erent altematives: central and
peripheral; peripheral behavior corresponding better to usual picture of collision processes. A nd
the attention should be devoted to a construction of the m odelwhich would be able to represent
a realistic picture of elastic hadronic scattering of charged nucleons.

A cknow ledgm ent: Valuablediscussionsw ith P rof. K arsten Eggertand D rM ario D eile arehighly
appreciated.
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