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» “soft” diffractive scattering of hadrons

» basic processes
> relation to optical diffraction
> Regge theory and “soft” pomeron
» structures in elastic scattering of protons
» non-exponential behavior (“break”) at small squared momentum transfer (t)
> minimum-maximum structure
» dipole pomeron + odderon model
» structures in single diffractive scattering of protons
» low-mass resonances
» duality motivated model of low-mass resonances
> a possible minimum-maximum structure in the squared-four momentum
transfer (t) distribution
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Diffractive processes

» diffractive (hadronic) processes: dominant
pomeron exchange as strong interaction mediator
> pomeron carries vacuum quantum numbers

— wide region devoid of particle activity in the
final state: large (pseudo)rapidity gap, Ap

> no large rapidity gap in non-diffractive inelastic
processes
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Diffractive processes

diffractive (hadronic) processes: dominant
pomeron exchange as strong interaction mediator
pomeron carries vacuum quantum numbers

— wide region devoid of particle activity in the
final state: large (pseudo)rapidity gap, Ap

no large rapidity gap in non-diffractive inelastic
processes

basic diffractive processes:

pp — X
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Diffractive processes

pp — pp
diffractive (hadronic) processes: dominant
pomeron exchange as strong interaction mediator
pomeron carries vacuum quantum numbers
— wide region devoid of particle activity in the
final state: large (pseudo)rapidity gap, Ap
no large rapidity gap in non-diffractive inelastic
processes
basic diffractive processes:
»> elastic scattering
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Diffractive processes

pp — pp
diffractive (hadronic) processes: dominant

pomeron exchange as strong interaction mediator

pomeron carries vacuum quantum numbers

— wide region devoid of particle activity in the

final state: large (pseudo)rapidity gap, An pp — pX

no large rapidity gap in non-diffractive inelastic
processes
basic diffractive processes:
»> elastic scattering
> single diffraction, SD
(single diffractive dissociation)
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Diffractive processes e S -
pp — pp P .
diffractive (hadronic) processes: dominant L\\Pé 5 0
pomeron exchange as strong interaction mediator
pomeron carries vacuum quantum numbers T_/’/p,
— wide region devoid of particle activity in the ! P 19 '.: .
final state: large (pseudo)rapidity gap, An pp — pX . v R °
no large rapidity gap in non-diffractive inelastic T~ 0 n
processes
basic diffractive processes: e =
N . . pP1 X P, o
ellastlc s_catter.mg pp — XY P - o5
» single diffraction, SD P y b . LB
(single diffractive dissociation) B == 0 n

> double diffraction, DD
(double diffractive dissociation)
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Diffractive processes

pp — pp

diffractive (hadronic) processes: dominant
pomeron exchange as strong interaction mediator

pomeron carries vacuum quantum numbers
— wide region devoid of particle activity in the
final state: large (pseudo)rapidity gap, An pp — pX

no large rapidity gap in non-diffractive inelastic
processes
basic diffractive processes:
> ellastic s_catter.ing pp — XY
> single diffraction, SD
(single diffractive dissociation)
*» double diffraction, DD
(double diffractive dissociation)
> central diffraction, CD
(diffractive central production) pp — pXp
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> s-channel approach: diffractive scattering
is related to particle formation in the

direct channel J
> the incident hadronic wave gets absorbed

due to nondiffractive inelastic interactions

. . incident
» the many open inelastic channels at .
wavefunction

high ener‘git.as buil_ds :,’Ip a “shadow” that )
leads to “diffraction

Good & Walker; Feinberg & Pomeranchuk
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Diffractive scattering and optical diffraction

s-channel approach: diffractive scattering
is related to particle formation in the
direct channel

the incident hadronic wave gets absorbed
due to nondiffractive inelastic interactions

the many open inelastic channels at
high energies builds up a “shadow” that
leads to “diffraction”

Good & Walker; Feinberg & Pomeranchuk

diffracted waves add up coherently in
the forward direction — sharp forward
peak: diffractive cone

do / dt [mb GeV?)
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Diffractive scattering and optical diffraction

s-channel approach: diffractive scattering
is related to particle formation in the
direct channel

the incident hadronic wave gets absorbed
due to nondiffractive inelastic interactions

the many open inelastic channels at
high energies builds up a “shadow” that
leads to “diffraction”

Good & Walker; Feinberg & Pomeranchuk

diffracted waves add up coherently in
the forward direction — sharp forward
peak: diffractive cone

hadronic diffraction shows similarities to the
optical Fraunhofer diffraction

do / dt [mb GeV?)
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» singularities in the complex angular momentum (j)
plane — high-energy behavior of the scattering
amplitude

M(s, t) = =22 (2j+1)F(j, t) Pe(=z) 4
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simple pole singularity — Regge trajectory, a(t)
(reggeon) exchange: exchange of a virtual particle
with continuously varying spin and virtuality
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Regge theory: “soft” pomeron

» singularities in the complex angular momentum (j)
plane — high-energy behavior of the scattering J=Rea)
amplitude

— - p-trajectory

M(s, t) = —16_.”SC (2j + 1) (), t)Mdj 6 w-trajectory

2i sinmy 4 J-trajectory
» simple pole singularity — Regge trajectory, a(t) ’
(reggeon) exchange: exchange of a virtual particle e
with continuously varying spin and virtuality s T,
Fjt - .5(,_») i ) w3 (1670)
G. 1) j—al(t) J=a(t) 2 * p(1270)

» pomeron trajectory, ap(t): a whole family of
particles with vacuum quantum numbers

p(770)
w(782)

scattering region — 2 spectroscopy region
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Regge theory: “soft” pomeron  a.()~1+6+apt

singularities in the complex angular momentum (§) 5p ~0.08, ap~0.25GeV?
plane — high-energy behavior of the scattering
amplitude

M(s, t) = =22 (2j+1)F(j, t) Pe(=z) 4

sin 7j
simple pole singularity — Regge trajectory, a(t)
(reggeon) exchange: exchange of a virtual particle
with continuously varying spin and virtuality

; N B(t)
f(,lv t) j—>a(t) j—oc(t)

pomeron trajectory, ap(t): a whole family of
particles with vacuum quantum numbers
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M(s, t) = =22 (2j+1)F(j, t) Pe(=z) 4
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simple pole singularity — Regge trajectory, a(t)
(reggeon) exchange: exchange of a virtual particle

with continuously varying spin and virtuality a(f)
(. t) -~ _B(1)
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Regge theory: “soft” pomeron

singularities in the complex angular momentum (§)
plane — high-energy behavior of the scattering
amplitude

M(s,t) = =37 § (2j+ 1) F(j, 1) Fe2)

sin 7j
simple pole smgularlty — Regge trajectory, a(t)
(reggeon) exchange: exchange of a virtual particle
with continuously varying spin and virtuality

; N B(t)

fU.t) PEORSNETIC)
pomeron trajectory, ap(t): a whole family of
particles with vacuum quantum numbers

g
S

ap(t) ~1+dp+apt
6p ~0.08, ap ~0.25GeV 2

160 * pp & pp data
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Regge theory:

singularities in the complex angular momentum (§)
plane — high-energy behavior of the scattering
amplitude

M(s, t) =
simple pole smgularlty — Regge trajectory, a(t)
(reggeon) exchange: exchange of a virtual particle
with continuously varying spin and virtuality

fG.r) o~ L2l

j=a(e) S0

—1om (2 +1) F(j, t) Pelo2 g

sin 7

pomeron trajectory, ap(t): a whole family of
particles with vacuum quantum numbers

“soft” pomeron

g
S

ap(t) ~1+dp+apt
6p ~0.08, ap ~0.25GeV 2

160 * pp & pp data

a,(0)

—Cs
140}

1201
[ C=21.559+ 0.680
100} @,(0) = 0.084+ 0.002
[ X%NDF 23.988 /
80 °

60L

10° 10*
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shrinkage of the diffraction cone
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Regge theory: “soft” pomeron  a.()~1+6+apt

» singularities in the complex angular momentum (§) 0p ~0.08, ap ~0.25GeV"™
plane — high-energy behavior of the scattering 5
amplitude © 10| ¢ PP & PP data

a,(0)

M(s, t) = 16” Sc 2j+1)f(j, t )Pe( zt)dJ 1407_CS

sin 7

> simple pole smgularlty — Regge trajectory, a(t) 120k

(reggeon) exchange: exchange of a virtual particle [ C=21.559+0.680
with continuously varying spin and virtuality 100 0p(0) = 0.084+ 0.002
. N B(t) [ X2/NDF 23.988/
FU. 1) joa(y) 47 80: 2
» pomeron trajectory, ap(t): a whole family of 60| -
particles with vacuum quantum numbers E il
. . 10 10*
» higher-order pole (multiple pole) and cut 5. Gev
singularities are also possible and important Otot(S) ~ sor(0)=
dgtgl (S, t) ~ Szap(o)—ze—B|t|

B = By +2aplins.
shrinkage of the diffraction cone
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Regge theory: “soft” pomeron

singularities in the complex angular momentum (§)
plane — high-energy behavior of the scattering
amplitude

M(s, t) = =17 (2j +1)F(j, )22y

sin 7j
simple pole singularity — Regge trajectory, a(t)
(reggeon) exchange: exchange of a virtual particle
with continuously varying spin and virtuality
; N B(t)
fU.t) PEORSNETIC)
pomeron trajectory, ap(t): a whole family of
particles with vacuum quantum numbers

higher-order pole (multiple pole) and cut
singularities are also possible and important

“hard” (BFKL) pomeron in pQCD: colorless
compound of two interacting gluons — the pomeron
trajectory is interpreted as a glueball trajectory

g
S

ap(t) ~1+dp+apt
6p ~0.08, ap ~0.25GeV 2

160 * pp & pp data
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Structures in elastic pp scattering

» measurements at CERN’s ISR in the 1970s
revealed the characteristic structures of the
high energy elastic pp differential cross section

G. Barbiellini et al. Phys. Lett. B 39 (1972) 663
U. Amaldi et al. Phys. Lett. B 66 (1977) 390
L. Baksay et al. Nucl. Phys. B 141 (1978) 1
E. Nagy et al. Nucl. Phys. B 150 (1979) 221

L\"_| 103 T TT T 1T ‘ T T 17T ‘ T 17T T TT T TT T TT 1T \E
> ,break”: small B
8 102 «— changein the slope pp scattering E
< at |t] = 0.1 GeV2 e 5.0\ ]
Qo 10 E Vs =0oZ.0eV E
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4= % s o xe J %
B 1g-1k-& :
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Structures in elastic pp scattering
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s .
%\ I pp scattering
o | Vs=52.8GeV
[ Blt|
EE 0.2 ref=Ae 1
> measurements at CERN's ISR in the 1970s 1) [ A=90.643+0.128
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Structures in elastic pp scattering

» measurements at CERN’s ISR in the 1970s
revealed the characteristic structures of the
high energy elastic pp differential cross section

G. Barbiellini et al. Phys. Lett. B 39 (1972) 663
U. Amaldi et al. Phys. Lett. B 66 (1977) 390
L. Baksay et al. Nucl. Phys. B 141 (1978) 1
E. Nagy et al. Nucl. Phys. B 150 (1979) 221

do_/dt [mb/GeV?]

107

pp scattering
Vs = 52.8 GeV.

Coulomb-nuclear interference,

o sharp decrease due to Coulomb
scattering

o /

0

. U-.O.Q-Q‘S~Q_Q_
0.005 0.01 0015
-t [GeV?]
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Minimum—maximum structure in elastic pp scattering

1010
10°

107

10°

10
107t
107
10°°
107

do/dt [mb/GeV?]

107°h—

1055

E. Nagy et al. Nucl. Phys. B 150 (1979) 221
W. Faissler et al. Phys. Rev. D 23 (1981) 33

j CERN ISR and FNAL pp data
F ¥ 234GeV (x10°) ¢ 305 GeV (x10%)
% A 446Gev (x10') O 5238 GeV (x10%)
¢ 62.1Gev + 195 Gev (x10°)
¥ 27.5GeV (x10°)
&y =
% I A e 7
xy =
et MMA - 3
G N o
2 . 4 =
E e 5] =
= S B =
- ° ]
2 4 6 8 10 12 14

-t[GeVY]

the position of the dip and the bump moves to

lower —t values as the c.m. energy increases

do,/dt [mb/GeV?]

TOTEM Collaboration £PL 95 (2011) 41001

TOTEM Collaboration Eur. Phys. J. C 79 (2019) 861
TOTEM Collaboration Eur. Phys. J. C 80 (2020) 91
TOTEM Collaboration Eur. Phys. J. C 82 (2022) 263
TOTEM & DO Collaborations Phys. Rev. Lett. 127 (2021) 062003

9
O e L B I LHC TOTEM pp data
5 A 1.96 TeV (x10°, extrapolation)
10 O 2,76 TeV (x10°%)
5 A 7Tev(x10%
10 O 8TeV (x109)
107 O 13Tev
10 \ STV =
=i "o . A A ]
107 N - =} =
3 o ]
1073} Qo0 o g
= & =
O
107°F Ea 3
10-7kuHHHHHHHHHHHOH?HO‘A
0.5 1.0 15 2.0 25 30 35 4.0
-t[GeV?

no secondary dip—bump structures observed in

the —t range measured up to now

7/ 28



Non-exponential low-|t| pp do./dt at the LHC

0.06

r + data, statistical uncertainties —N,=1
0.05 . .

r full systematic uncertainty band —Np=2
0.04 7/ syst. unc. band without normalisation —— N}, =3

0.03
0.02
0.01 | =
o B
-0.01 [ d
~0.02 |
~0.03 |
~0.04
-0.05
0

527.1 6_19'39 r]

ref

’

ref

do/dt — ref

002 004 006 005 01 012 014 o016 o015 02
I [Gev*]
measurement at 4/s = 8 TeV by the CERN LHC TOTEM Experiment excluded a purely
exponential low-|t| pp elastic differential cross-section in the four-momentum transfer
squared range 0.027 GeV? < [t] £0.2 GeV? with a significance greater than 7o

TOTEM Collab., Nucl. Phys. B, 899, 527 (2015)
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Connection between the t and b distributions

dgfl (s, t) = :—2 Aa (s, t))> < h(s, b) = %f:o Aa(s, t)Jo(by/—t)v/—tdv/—t

L. Jenkovszky Fortsch. Phys. 34 (1986) 791

L. Jenkovszky, I. Szanyi Mod. Phys. Lett. A 32 (2017) 22, 1750116
L. Jenkovszky, |. Szanyi, C.-I Tan Eur. Phys. J. A 54 (2018) 7, 116

absorption corrections
resultinadipint

\ non-exponential
\ .
\  behavior at low-|t|

day(t)/dt
Imh(b)

tail at high-b results
in a non-exponential
behavior at low-|t|

exponential

(Gaussian in b) Gaussian

(exponential in t)

b (fm)
Connection between the t and b distributions of elastic scattering in the range of dominant nuclear
interactions.

0 01 1.0 It] (Gev?) 1.0
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Pion exchange contribution

L. Jenkovszky, |. Szanyi, C.-l Tan Eur. Phys. J. A 54 (2018) 7, 116
the non-exponential behavior of the low-|t| do./dt can come form both the
non-linear pomeron trajecotry and the non-linear pomeron-proton vertex coupling
A A

1
o
0000220999998
+
A
A
+
o
+
°
+
o
+

P PN PECN
g nooom nS m

effect for the pomeron trajectory (propagator):

ap(t) = apg + apt — ap(t) = apy + apt — arp (\/4m72T —t— 2m7r)
effect for the pomeron-proton vertex coupling:
eprpt N eprpt+ﬁp(\/4m3r—t—2mﬂ-)
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Description to the low-|t| non-exponential data

R(H)

Vs=44.7 GeV
A=86.6231 mbGeV~?
B=12.1569 GeV~*

-0.1 — ISR+LHCS fit
-~ ISR+LHCA3 fit
_o2
(o 0.05 0.10 0.15 0.20 0.25 0.30
1tl (GeV?)
* [
Vs =52.8 GeV
0.2 A=90.6016 mbGeV~?

0.1

R(t)

B=12.2742 GeV~?

00
4 #* 4
-04 — ISR+LHCB fit
-- ISR+LHC13 fit
-0 005 010 015 020 02 030
1t (GeV?)

0.06, - - - - -
Vs=8Tev
0.04 A=527.045 mbGeV?
B=19.388 GeV~?
0.02\"'k
< 000 Woay, et R
L]
-0.02
-0.04 - ISR+LHCB fit
~0%6o 0.05 0.10 0.15 0.20 0.25 0.30
It] (GeV?)
0.0
=13 TeV
0.04 Ys=1378 .
A=633.663 mbGeV'
B=20.454 GeV~?
0.02
& 0.00
-0.02
-0.04 - ISR+LHC13 fit
0860 0.05 0.10 0.15 0.20 0.25 0.30

1tl (GeV?)
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The dipole pomeron

basic assumptions:

> the high energy behavior of the amplitude is determined
by an isolated j-plane pole of the second order (dipole)

based on these assumptions the dipole
pomeron scattering amplitude is obtained
as a derivative of a simple pole pomeron

scattering amplitude
> the residue at the pole is independent of t, t-dependence

enters only through the Regge trajectory L. L. Jenkovszky A. N. Wall Czech. J. Phys. B26 (1976) 447
d L. L. Jenkovszky Fortsch. Phys.34 (1986) 791
DP SP —i 2 / :
Ap (sit) = - —Ap =e mer2(s/s0p)* [G'(ap) + (Lp — im/2) G(ap)]
P

ap=ap(t)=1+0p+apt, Lp=Lp(s)=In(s/sp)

G(ap) = —ap (ebp[ap_aop]/bP - 7P) . G'(ap) = —apePrlor=er]  aps = ap(0)

> by introducing the parameter ep = ypbp and passing into impact parameter space, the dipole
pomeron is given in terms of two Gaussians

iap 1 [ —3F -
h(S, b) _ _ 7 ~|e arfaly epe drgal,
S bp 2aP

absorption corrections that generates a dip are regulated by the ¢ (or v) parameter
12 /28



Model for elastic pp and pp scattering amplitude

A(s, t) = Ap(s, t) T Ao(s, t)

> the dipole pomeron amplitude is

ap(t)

o) = 0 s10) "
x [G'(ap) + (Lp — iT/2) G(ap)]
ap(t)=1+0p+ apt, Lp=In(s/sp)
G(Oép) = —ap (ebP[aP*OéOP]/bP _ 'YP)
G/(Oép) = —apebP[aP_aop], apg = ap(O)
> the dipole odderon amplitude is
Ao = —iAp_,o(S, t)
(with free parameters labeled by “O")

do/dt [mb/GeV?]

the inclusion of the dipole odderon is
important to describe the data around
the dip-bump and at higher |t| values

10°

: i ‘ ¢ ppis=8Tev
10 g\ full model
10E — — 0.389 TReA? /s
15 \ ----0.389 ImA2 / s
E —_ 2,2
o ;\ N\ 0.389 TReA; /5
E \ . Nreneen, [ 0.389 TIMA2 /
N (2 i TR
102 B s e ™~ -
E. N ‘ |~ E
=l N et = .
1075 1 \Ia PTG . . f
E il ¥ 7N RN E
0°F { o 3
107k ! N L -
10°® EL. L L o e ]
0.0 0.5 1.0 15 2.0 2.5
-t [GeVY]

Pomeron and odderon contributions
to proton-proton differential cross section
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do,/dt [mb/GeV?]

Dipole P+0 Regge model for elastic scattering

1011 -

10°E

107

10°%

10

107

1073

10°

qualitative description to the data

in a wide kinematic (s, t) range:
0S5 —t<25GeV?
05 TeV < —t <13 TeV

7< A 7 1.96TeV (x10% { 2.76 TeV (x10°%)
4 7 Tev (x10%) ¥ 8TeV (x10?)
N
DN ¢ 13Tev — model
T W S
PNy s =
\ oo, i
\ e N
N ]
ENCN SS—
. ;-.-..-‘_—, 4 Y ;
C N — ]
N T b
= e~ =
ST '\U;
05 10 15 20 25
-t[GeV?

do,/dt [mb/GeV?]

Pomeron Odderon
op 0.02865 do 0.2042
ap [GeV™?] 04284 | ap [GeV™2]  0.1494
ap —45.63 aop 0.01934
bp 4.873 bo 2.160
Yp 0.06085 Yo 0.4866
sop [GeV?] 11.26 s00 [GeV?] 1.026
107 g ——— .
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5§ %102
10 NG B 18TeV (x109) ¢ 1.96TeV
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10°E \ o §
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10713\ ‘1“—‘—‘____ i
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10—32 N o ;
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Dip and bump position in the dipole model

> in the dipole Regge model the position of the
dip and the bump of doe/dt depends on the

14+
slope parmeter b of the model Vs =8Tev
12¢ : — di
o =04 Gev2 P
—tgip = i“"l (b+L) 1.0+ y=0.1 b ]
p O/b ")/bL sp=1 GeV2 — bump

1 [4(b+L)?+ 77

~ldipibump [GeV?]
o
-]

—t = — n—nHH—»*~ 4 061
bump = b yb(4L12 + 72) os
d  dog(s, t

B(s)= L doals by 02

dt dt 0
0.0

> the position of the dip and of the bump b
goes to smaller —t values as slope param-

eter rises
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mo- (GeV/c)?

Resonance structures in single diffraction at low M

review paper K. A. Goulianos Phys. Rept. 101 (1983) 169 and references therein

see the
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v

v

v

Bugrij, Jenkovszky, Kobylinsky Lett.Nuovo Cim. 1 (1971) 923

Duality Jenkovszky et al. Eur.Phys J.A 12 (2001) 361
Fiore, Flachi, Jenkovszky et al. Eur.Phys.J.A 15 (2002) 505

duality principle: resonances in the direct channel determine the asymptotic behavior

a dual amplitude is either a sum of s-channel resonances or t-channel exchanges while having
Regge asymptotic behavior

Res.

dual amplitude with Mandelstam analyticity (DAMA) — broad resonances, and
non-linear, complex Regge trajectories

D(S, t) = S(l) dxx_a(srx)—l(]_ _ X)—a(t,l—x)—l
A(s t,u) = c[D(s, t) + D(u, t)]

direct-channel pole series expansion of DAMA — resonance production amplitude
(“reggeized Breit-Wigner" term)

2 ¢ [F(E) 20 min D ma (M)
ImA(M?, €) ~ 3; [—Rea(M2) P+ [Ima (M) ]2
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Modeling resonances in SD based on duality

Jenkovszky et al. Phys. Rev. D 83 (2011) 056014 30
Jenkovszky, Schicker, Szanyi Entropy 24 (2022) 7, 1001 N*(1680) t = —0.05 GeV2
25 Vs =14 Tev
g 20
[0
e
o)
E 15

L° 10
_ N*(2220)
d?osp 2/ 1i/P) 2ep(0)=2 5
2 = A YW, P(Mz, t) | — .
Ty spB° ()W, P (M, t) Mz N*(2700)
q.O 1.5 2.0 25 3.0 3.5 4.0
My [GeV]

Wa' P (M2, t) ~ ImAPP(M2, F = 0)

resonance behavior at low-Mx based on duality Predicted SD differential cross section in
the low-Mx region
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Dip-bump structures in single diffractive dissociation?
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Dip-bump structures in single diffractive dissociation?

- . . H 2 T T T T T T T T T T T
> measurements of pp single diffractive dis- 10 T T

g pp Vs =31 GeV, Ae™ fits
sociation at ISR do not show a dip-bump § 19

rs)

£

= elastic B = 10.50£0.07 GeV*
structure at |t| values where such a struc-

2= 2,B = 4.4%0. 2
ture is observed in elastic pp scattering SOM =2GeV, B 244203 GeV

[N
WW T HUTW HHWW TT

———— SD M’ =68 GeV?, B = 4.3:0.4 GeV?

d’c

.‘29 10™
M. G. Albrow et al. Nucl. Phys. B 72 (1974) 376 ©

= SD M’ =146 GeV?, B = 3.5¢0.2 GeV?

—3; o0 ;
10 E :: o‘. 3
a4l [ ] [ ] N
10" . ,,,*,* : E
E o oo ° cee, E
10°g o T =
I R R R S B R R
100 3
-t [GeV?

pp elastic scattering and single diffractive
dissociation differential cross section data
at 4/s = 31 GeV as a function of —t.
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ture is observed in elastic pp scattering SOM =2GeV, B 244203 GeV

[N
WW T HUTW HHWW TT

———— SD M’ =68 GeV?, B = 4.3:0.4 GeV?

M. G. Albrow et al. Nucl. Phys. B 72 (1974) 376

= SD M’ =146 GeV?, B = 3.5¢0.2 GeV?

> it can be explained in a framework of a dipole g 3
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at 4/s = 31 GeV as a function of —t.
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Dip-bump structures in single diffractive dissociation?

> measurements of pp single diffractive dis-
sociation at ISR do not show a dip-bump
structure at |t| values where such a struc-
ture is observed in elastic pp scattering

M. G. Albrow et al. Nucl. Phys. B 72 (1974) 376

> it can be explained in a framework of a dipole
Regge model in which the dip-bump structure
moves to higher |t| values as the value of the
slope parameter decreases

> a dipole pomeron+odderon Regge approach
can be used to predict dip-bump structures
in pp single diffractive dissociation at LHC
energies

10?

LA L B s B B S

pp Vs =31 GeV, Ae™ fits
= elastic B = 10.50£0.07 GeV*

SD M? = 2 GeV?, B = 4.4£0.3 GeV?

WW T HUTW HHWW TT

———— SD M’ =68 GeV?, B = 4.3:0.4 GeV?

= SD M’ =146 GeV?, B = 3.5¢0.2 GeV?

- i
L (Y X) _
o3 o,
E . o R E
E U ] E
E 0.“"‘““*' ee,, 3
E o T =
e
. 3

2

t[GeV]

pp elastic scattering and single diffractive
dissociation differential cross section data
at 4/s = 31 GeV as a function of —t.
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Triple-reggeon approach for single diffraction (SD)

P. D. B. Collins Cambridge University Press (1977)
2

P P p PP p
o (T
ngp[)(t) gR]pp() d2 d2 R/’RJ'Rk
Z R; _ Z IR R; Ry (%) N 9sp _ 9sp
— dtdM? — dtdM?
' v IRepp(0) Y
X
p p P

Ri,Rj, Rk € {P, O, f,w, p, ax} with respecting the conservation laws
K. A. Goulianos et al. Phys. Rev. D 59 (1999) 114017
RR:R,
dPotfRe 11 g
dtdM? 1672 M2 s28Ree

X 8R.R;R.(t)8R.pp(0) (M2/50)aRk(O) cos (g (ar — O‘Rj))

(t)+ag, (t
()gRpo(t) (s/M?) SO0
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Dipole Regge approach for single diffraction (SD)

» the double differential cross section for the SD process resulting from the dipole pomeron PPP
amplitude is:

PofPP 1 , / . oo
dtdM?2 ~ M2 Gp (aP) +2Lsp Gp(ap)Gp(ap) + Gp(ap) | Lp + T %

x (S/M2)20¢P(t)_2 O'PP(M2)

where a(0)—1
ap = ap(t) = 14 0p + apt, oPP(M?) = goppgppp(0) (M?)"”

G(Ozp) = ap <ebP[aP7Q0P]/bP — 'YP) , G/(Oép) = apebp[apiaop], aop = Ozp(O)
» the dipole odderon contribution is considered in the form of an odderon-odderon-pomeron
OOP vertex and written as:

d2 OOP

o 1 72
dtdj\t/)lz _W <G/O2(Ozo) + 2LSDGo(ao)G/O(ao) + Gé(ao) (L%D + T)) X

x (S/M2)2ao(t)—2 O,Pp(M2)
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RRP and pion contribution in SD

» RRP contribution:
d2oRRP 1

g 2 -2
T = pEGAlaR) (/M) 0P ()

aR(t) =1+4+0r+ O/Rt, GR(aR) = aRebR“R(t)

> pion exchange contribution:

dzggD 11 g2PP |t‘ 2 2\ 207 (1) —2
-~ >cmp 2)20 —
didM? ~ W ax dn (1 mayor) (s/M?) o™ (M?)
2 2
Erpp _ _23-m _ o
1, =133 Ge(t) = —5—% ax(t) =0.93(t — my)

0.08 —0.45

o™P(M?) = 13.63 (M?) " + 31.79 (M?)
» the full (in the present consideration) double SD differential cross section is:
d?osp  d’oth” d?c88§P  d?oBEP d%07,

dtdM2 ~ dtdMZ | dtdMZ T dtdMZ T dtdM
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Dipole Regge model description of the SD data

PPP 00P RRP
dp 0 do 0 Or —0.4500
ap [GeV™2] 04284 | al, [GeV™2] 01494 | ap [GeV™2]  0.9300
ap 45.63 a0 0.01934 ar 2.500
bp 4.873 bo 2.160 br 0
~p 0.06085 o 0.4866 - -

qualitative description to

the data in a wide kinematic (s, t, M?) range which includes

SPS, Tevatron and LHC energies

35 : : ‘ : . 25
£<0.05 o SPS UA4 = TEVATRON CDF 10 5 X
30 . SPSUA5  + TEVATRONE710 50000 «° ~t=0.05 GeV", TEVATRON CDF data —— 0.016<-t<0.43GeV?, s =8 TeV
—— model
” e LHCALICE o LHCCMS -  eetsTev o | g0l o 20GeV2, 5 -7 TV .
s z 2 ;
81000 N e Vs=saeGev | £ Fel o LHCATLASBTeV |
2 £ E = LHCCMS7Tev !
£ 500 215 - )
15 -] ]
£ 3,
3, 3
10 4 3
1 g 100 3 10
5 X 50
0 05
100 500 1000 5000  10° 0.001 0.005 0.010 0.050 0.100 Y 7 6 5 -4 -3 -2 -
Vs [GeV] ¢ Logsoé
Integrated SD cross section ¢ dependence at Tevatron £ dependence at LHC energies
for € < 0.05 energies (t fixed) (t integrated)
< 0.
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dosp/dt [mb/GeV?]

o
=)

0.01

Dipole Regge model description of the SD data

£<0.05
— model @ /s = 546 GeV
model @ Vs = 630 GeV

® SPSUA4 s = 546 GeV

= SPS UA8 ys = 630 GeV

0.0

0.5 1.0 1.5 20
-t[GeV?|

—t dependence at SPS energies
for £ < 0.05

dosp/dtdé [mb/GeV?]

107} ©

10°

/s =630 GeV, SPS UA8 data —— model
o £20.03 = £=005(x10%) A §=007 (x10%)
£0.04 (x10) o £2006(x10%) 4 £=0.08 (x 10°)

1.4
-t[GeV?]
—t dependence at SPS

for several £ values

dasp/dt [mb/GeV?]

=)

o

N

Vs =8Tev
-4.0<Llog;§<-16
® LHCATLAS
— model

0.0

0.1 02 03 04
-t[GeV?]

—t dependence at LHC
for —4.0 < log1p & < —1.6
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dosp/dt [mb/GeV?]

Dip-bump in SD at SPS and LHC energies

£§<0.05

— model @ Vs = 546 GeV
® SPSUA4 s = 546 GeV
® SPSUAS Vs = 630 GeV

-t[Gev?

dosp/dtd€ [mb/GeV?]

100
“ £20.05,y5 =630 GeV -4.05Logipf<-16, Vs =8 TeV
& — model ® SPSUA8 — model ® LHCATLAS
----- PPP ... OOP
0.100 RRP «oivoee pion 1 2 P N N o RRP e
0.010
0.001
1074
0 2 4 6 8 10 2 4 6 8 10
-t[GeV?]

-t[GeV?

the dip and bump structure is predicted in SD at SPS and LHC energies in the
squared four-momentum transfer range 3 GeV? <—-t< 7 GeV?

the position of the dip and bump in —t in the SD process changes slowly
with M2 (or € = M?/s) and determined by the OOP triple contribution

sD
taip =

1 L
In vbLsp

ab b+ L

sp _ L In Vb(4L%p + )
bump = /b 4(b + Lsp)? + 72

Lsp = In (M?/s)
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dosp/dtdM? [mb/GeV*]

0.1

10-13

10-17

Dip-bump: M? and /s dependence

7

Vs =14Tev Vs =8Tev —dp M? = 1000 GeV?
2_ 2 a'=0.1494 Gev~2 __0.001
— M? =200 GeV/ . be 1183 — bump < — s =2Tev
----- M? = 5000 GeV? < v =0.4866 3 ceeen 5 =5TeV
------ M? = 30000 GeV? 3 5 10
o E L TNy e Vs =14 Tev
a5 o
: 3
g 3 107
...... 3 2
) el E i
4 L e L
10-12
12 3 a4 5 6 7 8 i 10¢ 108 108 1 2 3 4 5 6
_tiGeV2] Iy ~t[GeV?]

with increasing energy at a fixed M? value or with decreasing M? at a fixed energy the
position of the dip-bump structure slowly goes to smaller —t values

1 vaSD 1 'yb(4L2 + ’/T2)
SD SD SD — 2
t7 = —| t = —1 Lsp=In(M
dip /} n ! L bump T n 4(b Ls )2 2 SD n ( /S)

at /s = 14 TeV and M? < 1000 GeV? the dip and bump structure is predicted in SD
in the squared four-momentum transfer range 3 GeV? <—t< 5 GeV?
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Summary

» structures of elastic scattering include:
> the low-|t| non-exponential behavior described by non-linear trajectories
(pion-exchange contribution)
» diffractive and minimum-maximum behavior treated by dipole reggeon
exchanges (absorptions)
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Summary

» structures of elastic scattering include:
> the low-|t| non-exponential behavior described by non-linear trajectories
(pion-exchange contribution)
» diffractive and minimum-maximum behavior treated by dipole reggeon
exchanges (absorptions)
» based on duality, nuclear resonances are predicted in the Mx distribution of single
diffraction at LHC energies
» a Regge phenomenological model with dipole pomeron+odderon contribution is
applied to describe experimental data on pp and pp single diffraction at energies
higher than 0.5 TeV
» dip-bump structure is predicted in the SD process at LHC energies in the squared
four-momentum transfer range 3 GeV2 < —t < 5 GeV? and it is resulted from
a dipole odderon contribution (OOP vertex)

L. Jenkovszky, R.Schicker, |. Szanyi Universe 10 (2024) 5, 208
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Thank you for your attention!



