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Semihard interactions at TeV energies
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We investigate the high-energy behavior of the total cross section, ., and the ratio of the real
to imaginary parts of the scattering amplitude, p, in both proton-proton and antiproton-proton
channels. Our analysis is based on a QCD-inspired model in which the rise of the cross sections
is predominantly driven by semihard processes involving gluons. We address the tension between
measurements from the ATLAS/ALFA and TOTEM Collaborations, showing that independent
analyses of their datasets can provide statistically consistent descriptions of the overall data, even
though they do not fully reproduce the central values of the p parameter at /s = 13 TeV. The
slight discrepancy between these central values and the model’s predicted values, obtained using an
asymptotic dominant crossing-even elastic scattering amplitude, points to the potential presence of
an odd component in the semihard amplitude at high energies.
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Objective

% Utilizing a Minijet Model for obtaining the total cross section and
ratio between the real and imaginary parts of the forward scattering
amplitude of pp and pp:

> Working on an Eikonal representation.

> Using Derivative dispersion relations.

> Test the model using multiple sets of NLO PDFs.
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According to QCD, the rise in
total cross sections in hadronic
collisions is driven by jets with
transverse energy Ert that is much
smaller than the square of the
total center-of-mass energy s

GOIIider Events involved in the collision.

Named minijets, these originate
from the semihard scattering of
partons, hard scattering of
partons carrying a very small
fraction of their parent hadrons
momentum.

For proton-proton and
antiproton-proton colliding events
with increasing energy it is observed
an increase in the production of jets.
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% Phenomenologically this observed
rise in total cross sections can be
described within an eikonal QCD
based framework that respects both
analyticity and unitarity constraints.
Specifically, the energy dependence
can be derived from QCD parton
model by using standard

Since the dominance of parton-parton cross sections,
jet-containing events, minijet models updated sets of parton distribution

assume that semihard dynamics play functions (PDFs) and cutoffs which
a central role in hadronic collisions at et e e el iR EenE

high energies.
9 9 to the semihard regime.

O/
L4

Minijet Models




% The results obtained for vs =7
and 8 TeV are especially
incompatible reaching up to 2.6

o for total cross section.
Incongruent

» This big a difference could
Besults imply different possible
scenarios for the rise of the
total cross section.
The experimental groups &

% Itis possible that the difference
ATLAS/ALFA and TOTEM present

. in results come from the
incongruent results for forward pp different treatment given to the
observables.

luminosity uncertainty.







Profile Function and Shadowing

ORe{T(b, 5)} = |T(b, 5)|> + Ginai(b, 5)

s Impossibility for a scattering s At high energies, the elastic
process to receive contributions scattering amplitude tends to
solely from inelastic channels. become purely imaginary, with

the dominant contributions
coming from purely diffractive

F(b, S) — 1 — €_X(b’s) processes.

Shadowing



Profile Function and Scattering Amplitude

D(b.s) = —i /O " qdq A(s. ) Jo(bg)

Fourier-Besse| I Transform

A(s.t) = i / bdb Jo(by/=1)L(b, 5)



Analytic Gontinuation

A, (Bt =0) =lim F(E +ie,t =0)

e—0

Az (Bt =0) =lim F(—F —ie, t = 0)

e—0

7 (s — 2m?)

2m
Crcissing Symmetry
Ai(E,t — O) — 5 [Aﬁp(Eat — O) + App(Eat — O)]

XEP(s,0) = x " (s,0) £ X (s,b)




Analytic Gontinuation

AH(Et = 0) = »

9 ['Aﬁp(E7t — O) == App(Eat — O)]

At (s,0) = @'/OOO bdb |1 — cosh(x™)exp(—xT))]
A (5,0) = z’/oo bdb sinh(y~) exp(—x™)
0

s > m?



. b)
X7 (8,0 77/ ds’XgS

,b)
X7 (8,b) = P/ dS'XRS )



Derivative Dispersion Relations

(Relx'}s) [w 4] Im{x}s)
s 2dlns S

Re(}) _ _ g [z ] Im )0
2dln s S
' J

Im{x.,}(s,b) = — T d —I—1 T d 3—|—g i d 5—1— Re{x, }(s,b)
Xsu A5 0 = T 15 s 3\ 2dIns 5\2dmns Xsu S5



The Model




Eikonal Function

XbP(s,b) = x"(s,b) £ x(s,b)
x(s,0) = Rex(s,b) + Imx(s,b) = xr(s,b) +ixi(s,b)
X(Sa b) — Xsoft(87 b) + XSH(Sa b)

Semihard Contribution
4 )

Re {xsi(s,b)} = 5Wsn(b)oaen(s)

Wan(b) = [ & pa (b= b) pa(¥)

\_

C. A. S. Bahia, M. Broilo, and E. G. S. Luna, Phys. Rev. D 92, 074039 (2015).

J




Soft Gontribution

Even
N b) = 1W+ b: u™t Al B+ (' eiWY/Q
No5.) = W) [+ 8 4
Odd
g 1 o—im/d

Xs_oft(87 b) - §Ws_oft(b; :us_oft) D’ \/8/780

\ Yy




Form Eactor and Overlap Density

-

GA(]CJ_) = GB(/{?J_) = Gdip(kj_;:u) - <

W (b) = / &Y pa(|b — b)p(¥)

1 oo

~

— | dky ki Jo(k1b)Ga(k)Gr(kL)

:27T0

12

k3 4+

)

p(b) =

1
(2m)?

/ dk, G(ky)e™ P



QCD Cross Section

1 1
JQCD ]/ dp%j/ dxljf dx
i3k, PTmin 4p%/8 4p%/a?18

A

\\» | dp7 Pr

X | fisa(z1, Q%) firp(w2, Q%) + fiya(z1, Q%) fiyp(22, Q)]

d 7 ~ A 19 ~ 7
| S )+ 2 00| (1= 65/D(1 - B/
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dp — d(—f) dp%
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Parton-level
processes

T
AL
S XK

Subprocesso Secao de choque partonicas
’ / 4 §2 a2
aq = qq 9 2
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Parton Distribution Functions (PDE')

10 S

Comparison between the gluon PDF S 8 Q*=2 GeV']
behaviors of the three selected sets at four %5  ©f ‘
different energy scales. X ;__ 3
It can be observed that the behavior at high of ]
energy scales is practically the same, as -2F E
expected. _:0'9 107 10100 15
At low energies, the behaviors start to X
diverge, and near the limiting scale suggested 600 LS I
by Gribov, they become completely different < 5001, :
at small x. D 400F 4
300k :
Since these energy scales and momentum 200F E
fractions are the most significant for the iG6E E
model, the need for different sets becomes obsl g 0B a4 ]
evident. 10°10/10°10° 10"

100¢

X*g(x,O)

90
80f
70¢
60
50E
40¢E
30F-..
20
10E

0~

L N I e

02—10 GeV2

100

1600

S 1400}
X 1200¢
£ 1000}
x S

800 \
600[ * \',
400}
200}

of

1077

10° 1073

Ll

. —
Q*=10° GeVA-

i Ll

10°°

107

10°107° 10°



Eikonal Representation - Observables
ou(s) = 2 / Oobdb\l“(b, s)|2 Oinet(s) = 2 / T bdb Giner(b, s)
0 0
— o / bdb|1 — e s s tixa(bs))2 = 2r / bdb [1 — e 2x1(0o)]
0 0
2Re{(b, s)} = [T(b, 8)|2 + Giner(b, )
Orot(S) = 4 /OO bdbRe{I'(b, s)}
0

— 477/ bdb 1 — e X1(9) cog xR (b, s)]
0

Re{i [bdb[l — eix®)]}
PL8) = Tt Tbdb[l — ext®a]}

T'(b,s)=1—exb?)






Analysis

The global fits were obtained through a ¥? minimization procedure, with confidence
regions defined by the interval y*-y*min corresponding to the 90% confidence level.

PPPP(10 GeV < /5 < 1.8 TeV; PDG) + pPPPP(10 GeV < /s < 1.8 TeV; PDG)+

Utot

o™ (7,8,13 TeV; ATLAS) + p?(7,8,13 TeV; ATLAS)
PR (10 GeV < /5 < 1.8TeV; PDG) + pPP(10 GeV < /s < 1.8TeV; PDG)+

Otot

o?(2.76,7,8,13TeV; TOTEM) + p"(2.76,7,8,13 TeV; TOTEM)



EFit Parameters

-

0QCD

\_

s/4 1 1
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EFit Parameters

Even
N b) = 1W+ b: u™t Al B+ (' einY/Q
Xsoft(8,0) = 2 soft (i Hsope) [A +iB + (s/s0)?
0dd
g 1 o—im/d

Xs—oft(87 b) - §Ws_oft(b; :us_oft) D’ \/8/780
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CT18 NNPDF4.0
PTmin = 1.1 GeV PTmin = 1:3 GeV
N 1.83 £0.46 1:58 +0.57
Vg [GeV] 1.418 + 0.084 1.12 £ 0.12
A [GeV~?] (2.1 +2.0) x 10® (3.9 +4.9) x 10?
B [GeV™?] —76 + 148 —14 + 26
C [GeV~?] (31 + 36) x 10° (4.5 4+ 7.6) x 10®
Hiogss [GeV] 2.55 £ 0.39 1.78 £ 0.67
D [GeV~? 150 + 11 147 + 12
v 158 158
X2 /v 1.10 1.07

10
Vs (GeV)
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CGonclusions

7/

% The model succeeds in reproducing most of the experimental range of

data, notably:

> The ALFA/ATLAS measurements of total cross section are well
described by both CT18 and NNPDF4.0. Whereas for p data at
\'s =13 TeV only NNPDF4.0 manages to reach its uncertainty band.

> The TOTEM measurements for total cross section are also well
described. As for p, both sets seem to fail at describing the its central
value at 13 TeV, although NNPDF4.0 reaches close.

ALEA/ATLAS

0.11:\1)1%1PDF4.0 — 102.7 mb pNNPDF4.0 — 0.105

CTIS — 1032 mb pCT18 = (0.113



CGonclusions
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% The model succeeds in reproducing most of the experimental range of

data, notably:

> The ALFA/ATLAS measurements of total cross section are well
described by both CT18 and NNPDF4.0. Whereas for p data at
\'s = 13 TeV only NNPDF4.0 manages to reach its uncertainty band.

> The TOTEM measurements for total cross section are also well
described. As for p, both sets seem to fail at describing the its central
value at 13 TeV, although NNPDF4.0 reaches close.

TOTEM

O%\SEPDMO — 107.1 mb IONNPDF4 .0 1 1

= 0.
oCTs = 107.8 mb pcTe = (0.120



Perspectives for the Minijet Model

¢ To test the inclusion of an odd component for the semihard region
(Odderon).

% For future analyses, test different types of form factors, in addition to
the dipole one.

% Extend the application of the model to describe the differential cross
sectionatVs=7,8¢ 13 TeV.
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