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Cross section (mb)

Hadronic Collider Experiments
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Relativistic Elastic Scattering

effective Coulomb Nuclear
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Assumptions

Analytic nuclear amplitude  A(s, t,u)

I | | w/
Singularities have a physical meaning

Mandelstam plane

Crossing symmetric amplitudes A, (s,t,u) = A,,(u,t,s)

Unitarity of S matrix sstT =1

Theorems .
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Regge Theory

Partial wave expantion A(s, t) = Z(Zl + 1) fi(s)Pi(z) zp =1+
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Reggeons - baryon and meson trajectories

and QCD , Cambridge Univ. Press 2002.
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Experimental data — differential cross section
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Minimum model dependent phenomenology of forward scattering

Nuclear and Coulomb T(s,t) = TN(3> t) + Tc(t)ead) ]\
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Minimum model dependent phenomenology of forward scattering

Nuclear and Coulomb T(s,t)=T"(s,t) + T (t)e™” ]\
amplitude
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Minimum model dependent phenomenology of forward scattering °
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Minimum model dependent phenomenology of forward scattering °
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Forward scattering differential cross sections at several energies fo
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Dispersion relations

Particle Data Group total cross section representation even and odd amplitudes

oP"P(s) = P+ Hlog® (— )+Bl( ) "+ Ry (_’_)_”2 Fi(s,0) = [Fypopp (5,0 + Fypopp(s,1)|/2
%0 70 o0 F(s,u) = | Fopopp (S, = Fypospp (S, u)|/2

Dispersion relations for
amplitudes
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Instead of PV we use exact derivative dispersion relations (DDR)

R.F. Avila and M.J. Menon. Nucl. Phys. A744 (2004) 249; Braz. J. Phys. 37, 358 (2007)
E. Ferreira and J. Sesma J. Math. Phys. 49, 033504 (2008); J. Math. Phys. 54, 033507 (2013)

We show a new representation of exact DDR
conditions: = > 1, n zero or positive integer and R(\) < 1
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Hurwitz Lerch transcendents e ohara and J. Sesma, Phys. Rev. C 97 (2018)
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Interesting properties of the transcendents 9
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E. Ferreira, A. K. Kohara and J. Sesma; Frac. Calc. and App. Analysis, 23, 2 (2020)
Exact DDR for real amplitudes
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K.A. Olive et al. (Particle Data Group), Chin. Phys. C, 38, 090001 (2014)

Exact form and PDG approximation




Imaginary slope

Extension of forward imaginary amplitude of exp|—DBrt /2]

PDG
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Dispersion Relation for slopes
E. Ferreira, Int. J. Mod. Phys. E 16, 2893 (2007)
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Linear t correction in forward scattering

MO = o — e
= o) — € . . .
! 4/t (hc)? H real and imaginary nuclear amplitudes
BRrt A. K. K, E. Ferreira, T. Kodama and M. Rangel, Eur. Phys. J. C 77, (2017) 12, 877
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Simple model for zeros, crossing and ‘scaling’

Considering an scaled amplitude FN(E, t)~iCE log®(E) f (1) T=tlog’E
Non-crossing symmetric

A. Martin, Lett. Nuovo Cimento 7 (1973) 811

T 2 , T\ 2
Crossing symmetric amplitude FN(E,t)~iCE (logE — if) f") T =t (logE - 15)

r ~
Inspired in the above we define | F¥ (s,t) = FY (s)f (t') = |[F{(s) + iF£(s)|f (z")

F(r') = et = ehlsHinfsn
~ J/

\
F{(s) = s[B(Py + 2Hlogs) — Rys M sin(n, B) F Rys ™2 cos(n,8)]
Fi(s) = s[P + P;logs + H(log?s — $2) + Rys ™ cos(n1 ) + Rys "2 sin(n,f)]

Qg (s,t) = [by + by logs + by,(log? s — %) + b3s "3 cos(n3B)]t

\'QI (s,t) = —[byB + 2b,B logs — b3s ™™ sin(n3 )]t /

A. K. Kohara, J. Phys. G: Nucl. Part. Phys. 46 (2019) 125001
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QCD inspired model in the framework of
Stochastic Vacuum model

Wilson loop is defined TV [C] = tr Pe " fcta @A) — (1 VIO(2, 2)]

loop-loop scattering amplitudes J(b. iy, Ry) = Z.;Q( tr (V][O ] —1] tr [V[C_] —1])

18
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Stochastic Vacuum Model (SVM) framework:

. . .G. h, Phys. .
Wilson loop expectation value 1. G- Dosch, Phys. Lett. B 190, 177 (1987)

2
/(]S'Nll*’l{ 1)dS*2 (20){ tr Fypp (21, Clw, 21) ] Fpuy [22, C(w, 23)])

9

222!

(WICT) = exp [—

Expanding the Wilson loop

1
](b RlBZ) ( ”J) (3) tr [’(1"(2 tl ‘D1’DQ ]‘_‘[(IS'up / Hdsui U;
= S

51 =1 2 4=1
1 :
\—(2(}1i Ly )F,u;),g(- w)FP s, (1, w) F, C{‘; %, (2, w)) + (higher order)

SVM factorization

<FC'1 FC'Q FD1 FD2> — <FC1 FC-'2>(FD1 FD2> 4 <FC1 FD1> <FC2 FD2> + <FC'1 FDQ) <FC-'2 FD1>

Dimensionless hadron-hadron amplitudes

]HlHQ(E Sng) = /r12ﬁ1/r[2ﬁ2 ]U; ﬁlﬁg) |L'l(ﬁl)|2 |L'_)(ﬁ2)|')

H.G. Dosch, E. Ferreira and A. Kramer, Phys. Lett. B 289, 153 (1992);
Phys. Lett. B 318, 197 (1993) ;Phys. Rev. D 50, (1994)

Hadrons wave functions

. 1 ,
v (R) = (Q/W)EEE_RQ/‘%



20

3 E) [Al(SH/a..)

Asymptotic forms at large b/a, J(b/a) = exp ( —3 b/
a a

(a is the vacuum correlation lenght)

F. Pereira and E. Ferreira,

Small and intermediate values of b/a need Gaussian form of .J(b/a)

PN/ v2+b2

L A28u/a) ]

(b/a)?

Phys. Rev. D 55, 130 (1997)

Suggested form J(b/a) = J(0) [e—*/“wag A,Y(b)] with A, (b) =

Fourier transform gives analytical closed form

T(s,t) = 'is[(ggFF)aﬂ?a.zﬂ{J(O) [a..le_“'2|t|“'1/4 + 2a A,}.(t)]} with A (@)

= o AVITE /N2
J' 3 ) U d ) B— . .
/U 0(Fv) ~ g v NooEZ analytical integral

KFK t —space amplitude

(1 _ 6947—04\/72%2)

o1V PP +a?lt] o~V 402 a2t
=— —¢"
VPP atlt] 4p? + a?|t|

e 1YV 1+aolt|

[TI (b ZL) — Q-Ie—,ﬁﬂﬂ + )\I‘I}I (P}I IL) 11!}(,}1 ZL) _ 9

z\/ 1+ (10|If|

e’}’f\/4+ﬂl70|?3|:|
— e'}”f
\/ 4 + (10|If|

Real amplitude with the same form and different parameters
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Energy dependence of KFK amplitudes

Elastic differential cross section 97 _ (he)® [Tr(s,t) +iTr(s,t)]?

dt

Real and imaginary amplitudes T (s.t) = ag(s)e KM £ X\ ()T k(v (), 1) +
—K\/Iaot] —yrc\/A+aolt]
Vi (v (s), 1) =2 7% ¢ e'K ‘ ]

VI+alt] VA + aolt]

with 8 parameters to be determined at each energy.

tri-gluon exchange
Rygy(t) = £0.45 741 — 6_0'005|f|4)(1 — E3—0-1Ifr-|2)

K FK fO rward q u antltl €s A. Donnachie, P. Landshoff, Zeit. Phys. C 2, 55 (1979); Phys. Lett. B 387, 637(1996).

o(s) =47 (he)® (ar(s) + Az(s))  Optical theorem

TH(s,t=0) ag(s)+ Agr(s)

p(s) = TN(s.1=0)  as(s) + 0 (s) Real/Imaginary

TN (s, t)  dt
1

= e BESYD [a- i (8)BK(s) + ;/\ Kx(s)ag (6’}"}((5’) + T)]

Bg(s) = Real and Imaginary slopes

t=0




1.8 TeV PP 22

80.03 £+ 2.24 mb

E-710: O

Two contradictory measurements

We compatibilize the analysis

CDF:

o = 72.8+3.1mb

Prediction of a second dip
due to tri-gluon exchange

- 2
102 PP 10 pp, 1.8 TeV
Vs = 1.8/1.96 TeV SETI
10 o F. Abe —10" a tail (W.Faissler) Vs = 27.4 GeV
% a V. Abazov >
Q 21 and 17 poi 8 3-gluon exchange
g 1 and 17 points =0 solid/dashed : pp (- tail )
2 SETII g ' dotted : no tail
= ,.‘E
~10 oy R
3 g0’ _.
10 S solid B,=1.1 ™.
dashed : SET II 10 :
.| solid : SET 10| dashed [ =14 = t
10 6 02 04 06 08 1 1.2 14 0 2 4 6 8 5 10 12 14
It (GeV?) Itl (GeV?)
A. Kendi Kohara, E. Ferreira and T. Kodama, Eur. Phys. J. C , 73, 2326 (2013)
SET N )jf )\R ‘t|inﬂ (dG’/dt)inﬂ G"(el) a <X2)
points GeV~2 GeV—2 GeV2 mb/GeV?  mb mb
I 52 3.7785 £ 0.0078  3.6443 £ 0.0093 0.745 0.01013 16.67 72.76 £0.13 0.7661
II 38 3.5686 & 0.0186  3.8645 £ 0.0093 0.727 0.01114 1892 77.63 £0.44 1.4961
III 78 3.7441 £ 0.0080  3.6784 £ 0.0096 0.741 0.01029 17.02 73.54 £ 0.20 2.6591




pp at 52 GeV (ISR-CERN)

2
do/dt (mb/GeV?)
s 3 S55333333333_ 22
= o o

-
o

do/dt (mb/GeV?)

[ . ' ' '
TR TR TR

) ]
T

- -
o o

-
o

10 |

.........
S i

o 7 TeV
o 52.8 GeV X 0.01

D

[T —T=ReT

-3||” -2 -1 -
1 10

10 10 10"
[t] (GeV?)

Vs =7 TeV and 52.8 GeV

A Faissler 27.4 GeV

2 4 6 8 10 12 14
2
|t] (GeV™)

A. Kendi, E. Ferreira and T. Kodama , Phys. Rev. D 87, 054024 (2013)

— o

do/dt (mb/GeV?)

and pp at 7 TeV (TOTEM-CERN)

pp, Vs =7 TeV

solid : TR + tail
dashed : TR no tail

Faissler tail 27.4 GeV

BAA
.....

it] (GeV?)
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Real and imaginary amplitudes

0.2

amplitudes

S
(¥

0.4

pp
Vs=1.8 TeV

"0 02505075 1

Itl (GeV?)

1.25 1.5 1.75 2 225 25

0.01

0.005

o amplitudes
(=]

005

-0.01

pp Vs=1.8 TeV
. solid - T, with tail
dashed - T no tail
T
dip
T T
R ' 0 Zy(2)
o Zp(3)
1 15 2 25 3 35 4 45

Itl (GeV?)

== T, amplitudes

= Tg amplitudes

'"‘:‘_TR amplitudes

0.2 \\\

amplitudes
o

L L. 1.
0 0.25 0.5 0.75

L | L | | | L | L | |
1 1.25 15 1.75 2 225 2.5
It| (GeV?)

5
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Energy dependence of parameters forward and integrated quantities

140 |

parameters of amplitudes
] = (=1} =] [=] [
[=] [=] (=] (=] [=] [=]

(=]

Vs (GeV)
pp inelastic cross section

3 2
10

100 PP

Ginel (mb)

10 10 6 Loy L L 11l L L 1l L Lo
Vs (GeV) 10° Us }{E}QV) 10* 50 - D

Imaginary Real

3
10

25 -

simple logarithmic forms! R

10 10°



Predictions for LHC enegies (zeros, dips, bumps and ratios)
A. Kendi Kohara, E. Ferreira and T. Kodama, Fur. Phys. J. C . 74, 3175 (2014)

do/dt (mb/GeV?)

1

1000 pp elastic scattering
900 )
800 Vs=2.76,8,13and 14 TeV
-
3 00 | forward range
3 600 | |
L
- 500 e
= 400 : .
300
0 om0s 001 0015
It (GeV?)

0.02

-1
10

4 —14TeV "
LU S 13Tev -

----------- 8 TeV

4 - 276TeV

10 0 0.5 1
Itl (GeV?)

do/dt (mb/GeV?)

—y
o

10

1
2

— Vs =8TeV

pp

______ \s = 2.76 TeV

2
22 |

o
o

Itl at zeros, dips and peaks (GeV?)
o
o

o -
[=+} - (%)

e
F'S

o

04 06 08 1 12
It] (GeV?)

1

A+
a+ blog /s + ¢ 10;:__{2 NE
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do/dt (mb/GeV?)

-
o

-l

-
o

1
w—h

1
%]

pp forward scattering

Vs =8 TeV

with phase - solid
null phase - dashed
only hadronic - dotted

LHC - TOTEM
PRELIMINARY DATA

107 1072

lt| (GeV?)

pp elastic scattering
Vs =8 TeV

LHC - TOTEM
PRELIMINARY DATA

0 | 05 1
It| (GeV?)

103 o . :
pp elastic scattering
\/S =8 TeV
—_ LHC - TOTEM
”> 103 PRELIMINARY DATA
Y
Q
S
E 10
= i
3
O
= l .
solid : full t amplitudes "%,
dashed : pure exp amplitudes ¥
-1
0 = 02 0.4
2
It| (GeV?)
0.4
| ﬂ-3 E o B HR"M.,
-} '. N
0.2 : |
En] TaTall) Ty 00 \
0.1 Ta (T, '

&
a (%] S az 0.3 0.4 [
. .
il eV ")

Vs = 8 TeV

0 0.25 0.5 0.75 1

125 1.5 1.75 2 2.25 2.5
2
Itl (GeV™)
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do/dt (mb/GeV?)

—

107!

102 -
102 -
107

107
10
107
1078

pp Vs = 13 TeV
Totem Sets | + I

428 pts

- solid :
- no tail term y° = 1.567 >
- dashed :
 with tail term * = 1.642

Itl = 0.000879 - 3.82873

0 05 1 15 2 25
It (GeV?)
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Dispersion relations applied to KFK amplitudes at high energies 29

Double product fromDDR  gp = (hc)*4m

'3/2[0’]1 + A A log:z:}

Double product from KFK op =4/ (hc)2 {Q/.Ro + Aro + (Ozm + )\Rl) log ”L}

Collecting terms we obtain the correspondence

80

DDR KFK 70

LTILTIG -LGTG7ST 50| DDR: KFK
0.404716  0.392804 B
50
o |
We compare the collected terms E 40
obtained for triple product 9 :
30
I —— Augier (93)
DDR KFK »ob N J
- Amos (91)
118.897808  -15.715451 10 — Antchev (13)
6.726881 4.286346 I
_0'262464 _0'292835 0 I| I| I| I| I| I| I| I| I| I| I| I| I| I| ]

10" 102 10° 10® 10" 10"
0.017041 0.016234 /s TeV




Connection with soft Pomeron

Total cross section in Pomeron framework  0pgy, = A+ B (8/80)0'096

KFK total cross section o =\ + C1n, / + Oy In? , /
S0

101 1C . CQ S
After a little algebra — O, —-—— 4+ -1 (1 2) with v = =2 1n —
9 o= %0 2C2+202< +$+2$) Cl S0

Asfaras 1 < 1 (KFKcase /s < 10* TeV) o) 6$N1_|_3;_|_g;2/2

and we write o~ Cy— ——L 4 ——L

1612 102 Co/Ch
e tae (o)

| o(s) = 3.8259 + 65.5026 (s/50)" "]

same intercept of soft Pomeron
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-,

b-space (geometric space)

—

Fourier transform of KFK amplitude iv/7 (1 — X)) = T(s,b) = Tr(s.b) + il7(s,b)

—

Eikonal formalism —» (s,b) = yr(s.b) + ix1(s.b)

L~ -« , ~ ~ 27K~V /a0 ST
with TK(S: b) _ ;}Tf;e—&?/;d}( + )\K'UI"K (S: b) and "UTII’K(S, b) — ae \/ . - bg/a {1 — VK — ;ff+b2/a.o}
0 A’K 0

——

i

L L T2 - 1~
The unitarity conditions imposes [R <e 2xsh) < or 0< 7 < ~5 log(T3 /) ]

Physical cross sections are written

G2 L dGa(s. Db dGe(s,b _ _
Tel(s) = (hc) /a'-zb T(s,b)|* = /dgb M Lﬁ) = 1 —2cos yge X + ¢ 2X1
T | a22b 25
9 DU o= dFeo(s. b d5(s.b B
o(s) = (71(‘:)2 /dQZ) Tr(s,b) = /dzb Lj) ( — ) = 92 (1 — COS Y RE Xf)
VT . d2b d2b

, . - - ~ d&ipel(s, b Finel(s. b
Ol = (Fic)? /(125 2 Tr(s,b) — l‘T(% b2 = /dgb L(:)) dTinel(s, b) — 1 — e 21
o T d?b d2D



Unitarity constraint bound

real amplitude

4
35
i unitarity

25| allo_wed
| region

eimnenn 546 GeV
- X X eT\V

- gl -3.
10 10

Monotonic results for elastic differential ‘cross sections'

1.5

d*c/db’

0.5

___ pp 2.76 TeV

=

6 8 10 12 14

b (GeV)

2.5

2b. ___ pp 2.76 TeV
"‘""":"::'i"-;_.f._"‘-.tOtaI o pp 8TeV

i _ pp 14TeV
pp 57 TeV
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Something is going on at 13 TeV

=

©

©
—

=

(L]

[}
T

0.96 J;=1 3 TeV

= Pp
— PP

=

©

o
T

0l94 :I F N S T T N N NI AN T T T S NN Y N NN N T T T T Y YN N T [N TN T SN S (Y
00 01 02 03 04 05 06 0.7
b [fm]

W. Broniowski, L. Jenkovszky, E. R. Arriola, |. Szanyi, Phys. Rev. D 98, 074012
(2018); E. R. Arriola, W. Broniowski, Few Body Syst. 57 (2016) 7, 485-490;

Phys. Rev. D 95 (2017) 7, 074030
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i 50 TeV Total
13 TeV Total
50 TeV Inelastic

Total, Inelastic
50 TeV

13 TeV \\
Inelastic

0.1

do/d?b

50 TeV

Elastic . ™
0.01 PR

13 TeV Inelastic'

Elastic 13 TeV \\
\

0.001
0 4 8 12 16 20
b (1/GeV)

E. Ferreira, A. K. Kohara and T. Kodama; Eur. Phys. J. C 81 (2021) 4, 290



Extrapolating to high energies we have a travelling wave

0.25

pp scattering

\s (TeV)
1000000
/ 100000
10000
14
2.76

5 10 15 20 25

b (GeV™)
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...and this good behavior continues until asymptotic energies

0.25

This scaled behavior was advocated by J. Dias

pp scattering

Vs (TeV)
1000000
/ 100000
10000
14
2.76

5 10 15 20 25

b (GeV™)

de Deus a long time ago

J. Dias de Deus, Nucl. Phys. B 59 (1973) 231

do/d?b  as function of b has a long tall.

scaling variable definition

v =b/\/o (5) [2m

S 2 pp scattering
=
2 energies
© L
o 1 1000000 TeV
-g 100000 TeV
= % 10000 TeV
’Q..:'
=
w55 0.5
=
0 |

A R B B AT R
0 025 05 075 1 1.25 15 175 2
x=b/\(c/27)

A. K. Kohara, E. Ferreira and Kodama, Eur. Phys. J. C 74, 3175 (2014)



Analytical scaled form of KFK amplitude at high energies %

- - [ o—71(8)y/ 1+aolt| ,—71(8)4/4+aolt|
Small t approximation Ty(vi(s).8) = 2em | ! M e a ]
L 1+ alt] V4 + aglt]
T —yr(s)(1+22 ¢ —1(s) 2 (1422
~ 9 e'}’](s) e vr(s)(1+ 2 1t]) _ e'}’j(S) e v1(s) (1+ ] tl)]
(1+ ) 2(1 + [t])
Expanding (14ap|t|/2) ~ exp(ao|t|/2) and (1+ag|t|/8) =~ exp(aglt|/8)

> [ (v (s), 1) ~ 2o I@FLZH o —Rul)+] FH
The imaginary amplitude becomes

1

. 2/\ ,—b?/[2(71+1)ao] ,—2b% /[(271+1)ac]
T (s.5) ottt 4 21 : |

2 3 7 o

We truncate the parameters «o;(s), 5;(s). A;(s) and ~;(s) to the largest log s power

Ti(s,b) ~ e—bg/@iﬁnlva(ﬁﬁqz/\1’2[6b?/[zmlog?maol_ebi’/[mlog%/aao]]

201 ao Y12
: : N b
scaling variable definition y =
' V271200 log /s

Q
~ {_1}'1 ‘107121 2 AIQ a2 9,2
mmmp>  T(s,y) & e T EVEYS L S AR 2y

2 -}Il (I.D Y12



0IIII|IIII|IIII|IIII|IIII
0 0.5 1 1.5 2 2.5 3

y
Scaled amplitude

~ a1y —0U2 jog /55 2 Al 2 o2
[Tf(y) ~ 23 e - vy Lon e —e Y
I fl‘-o 72
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p-air scattering

7 Sr. ,where do you think
You are going?

twas going to a party,
but apparently it is over,
because everyone Ls coming




p-air scattering

p-air cross sections measurements in EAS (extended air showers)

‘_.

proton from cosmic ray

atom of atmosphere
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...considering the nucleus composed by uncorrelated nucleons distributed
according to a s and p harmonic distribution density




J. Glauber, Phys. . - )
Glauber framework R, Glauber and G. Matihiae, Nuel Phys. & 21 (1970) 135-157
forward amplitudes for pp elastic scattering

S — —

Top(s,b) = Tr(s,b) +iT1(s,b)

tot 2
_ T | P oL
An(he)? | Br B,
In terms of eikonal functions S-matrix in b space

— 1. pr(S: g) = 1 = FPP(S-‘- g)

Optical theorem

—

ooy (8) = 2 (he)? R /dzg ['op (s, D)
Analogous optical theorem for p-air

opa(s) =2 (he)* R / d*b T'pa (s, b)
Glauber method introduces the p-A amplitude for A independent nucleons

A
FpA(S:b: _»l ?4) =1 - H {1 — pp ‘b ‘ }

J=1

39



- - prod  _tot el —
Production cross section oV = o — (05 i + 0n_ai)

A
,nga,ir( ) /de GECQb /¢j p a.ir(Sab; gl;---agA) ?/J-;a(ﬁj---;?“ﬁ)H ds?“}
j=1
A
with VI(rt, e, )i (11, Th) = pr('F;) |
i Nuclear density
1 4 -
N Opn = (he)? dz H [ | ] (Egu
j 1

Diffractive intermediate states according (Good Walker framework with a
parameter )\ =0.5)

M. L. Good and W. D. Walker, Phys. Rev. 120 (1960) 1857

—

A
H { pp(b - :j)}

J=1

l\:>|r—L

LI - 0 G- 5)] -

J=1

I_\:>|r—L

Fp_‘A(S: B; 571: cen —

Parametrization of production cross section.

[ P4 () = 383.474 + 33.158log v/s + 1.3363 log™ \/E]

p—air




Comparison with p-air cosmic ray data Influence of different slopes
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A. K. Kohara, E. Ferreira and T. Kodama, .J. Phys. G 41, 115003 (2014)



p-air in b- space

A J
p-air elastic scattering amplitude —iT,A(b) =1 — ?v4 ~ 1 — <H e"XPN; > 1— <H (1 + iTpx
j=1 j=1
] d?otot - | 2ot
-air distri I : = —(s.b) =(1— 1 — =—2(s,b—b;)
p-air distributions:  5—=(s0) 1;[1 S .
(‘1_2 0_514 ~ A (ZQ (T;;t' L 2
&b 1;[1 2h; )'
predictions
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Comparison between p-air and pp

b-space amplitudes of pp and p-air

wn 2.25

2| p-air and pp

57 TeV

solid : p-air

"".‘ total dashed : p-p

elastic,

differential (b-space) cross section

0 5 10 15 20 25 30 35
1
b (GeV™)

Increasing of interaction radius with energy

.

Unitarity pp saturation

Ratio converges to asymptotic limits

G, roq (P-IT) / G (p-p)

1.5

asymptotic = 1.48
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@

Unitarity p-air saturation
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A. K. Kohara, E. Ferreira and T. Kodama, J. Phys. G 41, 115003 (2014)
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Comparison of models

Eikonalized models:

Bourrely Soffer and Wu (BSW)

C. Bourrely, J. Soffer, T.T. Wu, Phys. Rev. D 19, 3249 (1979);
Nucl. Phys. B 247, 15 (1984); Eur. Phys. J. C 28, 97 (2003)

High Energy General Structure (HEGS) Fy(s.t) =

0.V. Selyugin, Eur. Phys. J. C 72, 2073 (2012)

15

2!1

l T —igb 7 s.b
Dynamical Gluon Mass (DGM) Als,q) = 5 / db 7T (] — eixpen(sb))

E. G. S. Luna, A. F. Martini, M. J. Menon, A. Mihara, and A. A. Natale Phys. Rev. D 72, 034019 (2005);
D.A.Fagundes, E.G.S. Luna, M.J. Menon and A.A. Natale , Nucl. Phys. A 886, 48 (2012)

Correspondence with KFK amplitudes

[ | =B — (B — g pixoom(sh) - 1 [TR(S; b) + i Tr(s. 5)] ]
T

1 d T T
Normalizations (hc:)ﬁ(; = [T(s,1)|* = j|./'\/l(.s,z‘)| §|FH(" t))? = w|A(s,1)]
Ttot (S 4 A
and (tht:()ﬁ) = 4\/7 Ty (s,0) = ?Mf(s, 0) = ?(FH)I(S, 0) = 47 A;(s,0)



Amplitudes, differential cross sections, zeros, slopes and predictions
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E. Ferreira, T. Kodama, A. K. Kohara, D. Szilard, Acta Phys.Polon.Supp. 8 (2015) 1017
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Some Questions

IS it possible to explain the dip structure without odderon?
Should be the scattering amplitudes unique?

Is it possible to constrain the effective proton shape as the energy
Increases?

Is there a region at large t where the differential cross section is
energy independent?

Can QCD give us any hint of elastic scattering description?



Summary

Disentanglement of real and imaginary scattering amplitudes

Use of exact forms of derivative dispersion relations (PDG and KFK)
Need to consider different slopes in forward scattering

Predictions all the energies

Non black disk behavior for asymptotic energies

Scaling form for asymptotic energies

Cosmic ray predictions

Similarities between models shows the need of more attention
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In honor of those who recently passed away and made important
contributions to the field

- —— //"

Prof. André Martin (1929 — 2020)

) o sl

Prof. Jorge Dias de Deus (1941 — 2021) Prof. Jacques Soffer (1940 — 2019)

!
%



Thank you!
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Theoretical Framework

Amplitudes based on Stochastic Vacuum Model (SVM) framework where gluon condensate
and the correlation lenght play an important role.

Wilson loop expectation value
2

(WICT) ~ exp [_Qggf f dS* (2)dS**2 (29)( tr Flupp, |21, Clw, z1)| Flyw, |22, C(w, *2}]>]

Gluon correlators expectation value

(j‘a;b

<(,f P:Sy[* C' (w, .?1:”1:2!.3[32. Cﬁ{ w, :Q]D — 12{‘\2 — 1} <QQFF> [H{.@'ﬁ.afi'yﬁ — YupYva }D[:z}

1 \ 0 , 5.
[1 — K ]_[ [ 2alvB — Z80va } + - R {:;3.()'1}& — -:a'ﬂy,-ﬁ')Dl[:zﬂ
2°( 0z,
wher = = z1 — 2. (°FF) = (5°F},( J)Fﬁg(ﬂb —  gluon
e condensate

D( .:2) and [)q( .:2) are non-Abelian and Abelian contributions respectively

These functions must fall off with increasing z/a, where a is the correlation lenght defined

as .
/ dz D(z?) =
0
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