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valence quarks
(confined in a core) (~0.2 fm)

shell of baryonic charge (~0.44 fm)

quark-antiquark condensed ground state (~0.86 fm)
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This proton structure leads to three main processes in elastic scattering
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7" The first process occurs in the small [¢| region.
The outer cloud of gq condensed ground state of
| — one proton interacts with that of the other.

/

Diffraction Amplitude

Ty(s,) = ip W f bdb Jo(b,q) Tp(s,b)
0

Profile Function

1 1
[p(s,b) = g(s) [1 + e(b-R)/a T 14 e-(0+R)/a 1]

LT

LT
where R =Ry +R;(Ins—="), a=ay+a;(Ins—)
and g(s) Isacomplex crossing even function.
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Our Diffraction Amplitude - Asymptotic Properties

Oror(8) ~ (ap + aq Ins)? v (Froissart — Martin bound)

T aq

v (derivative dispersion relation)

p(S) = a0+a1 Ins

Tp(s,t) ~isln?s f(|t] In?s) v (Auberson-Kinoshita-Martin scaling)

TPP(s,t) = TPP (s, t) v (crossing even)

EDS 2017 Blois Workshop 5 Richard Luddy 26 June 2017



Beyond diffraction scattering —

S A" The second process becomes important at |t| = 0.5 GeV?,
- © when the baryonic charge core of one proton probes that
s « —=< of the other via multiple vector meson w-exchanges.

glancing collision

PI

layer of scalar particles

K

Multiple w-exchanges accompanied by the cloud-cloud interaction

EDS 2017 Blois Workshop 6 Richard Luddy 26 June 2017



+

V4

/ The third process also begins at || = 0.5 GeV*

(Impact parameter b < 0.3 fm ) with gluon exchanges
between valence quarks.

7Y > 7 )
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The third process viewed in momentum space.
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We combine our multiple w-exchange amplitude with our low-x gluon-
gluon interaction amplitude by using a joint eikonal:

)(a) (S, b) + ng (S) b)
Our combined hard scattering amplitude is then

Totgg(S,t) =

7 |+ 1 ()LO — —) [Tw (s,t) + el X (sh) Tyq(s, t)].

T, (s,t). scattering amplitude due to multiple w-exchanges

T, 4(s,t): gluon-gluon scattering amplitude
e’ Xw(P): additional screening of T, (s, t) by the baryonic-charge shell.
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valence quarks
(confined in a core) (~0.2 fm)

shell of baryonic charge (~0.44 fm)

quark-antiquark condensed ground state (~0.86 fm)

. .. ] d .
Something was missing in our low-|t| d—: calculation. ..
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Polarization of the Quark-Antiguark Cloud

+
t valence quarks

Polarization of cloud (confined in a core) (~0.2 fm)

- shell of baryonic charge (~0.44 fm)

-+
-+
-
+

quark-antiquark condensed-'g-ground state  (~0.86 fm)
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13 TeV pp (x10%), o, = 107mb Data: TOTEM (Our normalization)

7TeVpp, o, =981mb (Data: TOTEM)

100 =

1.96 TeV pp (x1072), o;,; = 81.5mb (Data: DO Collaboration)
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Conclusions

Over four decades of collider experience by many groups...

CERN ISR 23-62 GeV(pp)
Fermilab 27.4 GeV (pp)
CERN SPS 546, 630 GeV (pp)
Tevatron 1.8 TeV (pp)
Tevatron 1.96 TeV (pp)
CERN LHC 7, 8, 13...TeV ( pp)
and more...

and much theoretical development...

have led us envision the Structure of the Proton.
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The End...

Structure of the Proton

valence quarks
(confined in a core) (~0.2 fm)

quark-antiquark condensed ground state (~0.86 fm)
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53 GeV PP dSIg/dt - Europhysics Letters data Nagy et al
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-------------------------------------

Topological
baryonic charge

valence quarks

The scalar field ¢ (r) as a function of r.
rc. radius of the core, r5: radius of the baryonic charge density.
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