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Elastic pp scattering and single diffractive dissociation

in pp elastic scattering and single diffraction (diffractive dissociation) the dominant exchange
is the pomeron exchange and the final states are characterized by large rapidity gaps
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Dip-bump structure in elastic pp do,/dt
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the position of the dip and the bump moves to
lower —t values as the CM energy increases

no secondary dip-bump structures are
observed in the —t range measured up to now | 3




: L. L. Jenkovszky and A. N. Wall, Czech. J. Phys. B26, 447 (1976)
DI pO I e Regge m Od el L. L. Jenkovszky, Fortsch. Phys.34, 791 (1986)

= basic assumptions: = the dipole pomeron scattering amplitude is
obtained as a derivative of a simple pole
pomeron scattering amplitude

* the relativistic partial wave amplitude
can be analytically continued to

DP _ d SP
. A " (s,a) =—A>" (s, a)
complex j angular momentum values

da

_ima (5" , i
* the high energy behaviour of the e 2 g G'(a) + L_? G(a)
amplitude is determined by an isolated
j-plane pole of the second order ina

(dipole) AP(s,a) =e 2z G(a) (é)a is the

simple pole scattering amplitude

* the residue at the pole is independent
of t, t-dependence enters only through
the Regge trajectory

G () is some function of a

a = a(t) is the Regge trajectory
L =1In(s/sp)
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APP(s a) = e_mTa (i> [G’(a) + (L — E) G(a)]
So 2

the Regge trajectory is approximated by a real and
linear function

a=alt)=1+4+6+a't

motivated by the shape of the do,/dt (exponential
decrease), the paramterization of G'(«) is

G'(a) = aebla—al | withay = a(t = 0)

G () is obtained by integrating G’ (a) :

G(a) = jG’(a)da = a(eb[“‘“o]/b — y)

P1 P1

a(t)

P2 D>

Exchange of a trajectory interpreted as a
virtual particle with running mass
squared t and spin a(t)



Model for elastic pp and pp scattering amplitude

5 the odderon contribution is small at low-|t|
PP _ ADP DP
A(s,)pp = Ap (s,1) £ Ag (5, 1) but dominates completely after the bump
= the dipole pomeron amplitude is the inclusion of the dipole odderon is
s important to describe the data around the
itap(t) i . :
ADP(s 1) = e~ ] Gh(O) + [ Lp(s) I G () dip-bump and at higher |t| values
“oP : 103""""""'#pp\E:BTev
10° | dog m full model

_ !
ap(t) =14 6p + opt | == 0.389 1 ReA? / §?
| ===--10.389 nImA2 /s’

| ==+ 0.389 1 ReA /s

0.389 nImA2 / s

do_/dt [mb/GeV?]
o

Gp(t) — ap(ebp[ap(t)_ap(o)]/bp — YP)

I w’_ﬂwlw T

Gip (t) — aP ebP [O(p (t)—O(p (0)]

| IIIIIHli_LLI_IJlLIi

Lp(s) = In(s/sop) o
= the dipole odderon amplitude is
DP - ADP . . | — ) — ) — ‘2.0| — ‘2.5
AO (SJ t) — _IAP—>O(SJ t) -t [GeV?]

Pomeron and odderon contributions to proton-proton

(with free parameters labeled by "O") differential cross section i



SPS + TEVATRON + LHC do,; /dt data and the mode

do,_/dt [mb/GeV?]
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qualitative description to the data in a wide kinematic (s, t) range

| v 1.96TeV (x10%
1 4 7TeV (x10%

{ 2.76 TeV (x10°)
B 8TeV (x10%)

m—— model

| ¢ 13Tev

-t [GeV?]
Result of the fit to the proton-proton differential cross section data

Sp = 0.02865 5o = 0.2042
ab = 0.4284 al, = 0.1494
ap = 45.63 ap, = 0.01934
bp = 4.873 by = 2.160

vp = 0.06085 Yo = 0.4866
sop = 11.26 Soo = 1.03

Parameters resulting from a fit to the
proton-proton and proton-antiproton
differential cross section, total cross
section, and real to imaginary part of the
forward scattering amplitude data in the
kinematic range 0.5 TeV < +/s < 13 TeV
& 0.01 GeV* < —t < 2.5 GeV?



Dip and bump position in the dipole model

in the dipole Regge model the position of the

dip and the bump of do,;/dt depends on the 14 8 Tey .
slope parmeter b I :
| a =04 GeV™ :
— bum
—t = L, 2tL s s = 1 GeV? P
P a'b " ybL - 0.8" .
2 06! _
; _ 1 1 4(b+L)2+7T2 *r 04_ il
bump = o, vyb(4L2 + r2) :
02" §
e, ® ° 00_ | | l I I I I | I I I I | I I I
the position of the dip and of the bump goes 5 10 15 20
to smaller —t values as slope parameter rises b

Position of the dip and bump of the pp differential
cross section in the dipole model as a function of
the slope parameter



Dip-bump structures in single diffractive dissociation?

" measurements of pp single diffractive

dissociation at ISR do not show a dip-
bump structure at |[t| values where
such a structure is observed in elastic
pp scattering

M.G. Albrow et al., Nucl. Phys. B72, 376 (1974)

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 odderon+pomeron Regge
approach can be used to predict dip-
bump structures in pp single
diffractive dissociation at LHC energies
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pp elastic and single diffractive dissociation
differential cross section data at \/s =31 GeV as a
functionof -t



Regge approach for single diffraction (SD)

when s > M? > t, the differential cross section is given by a sum of triple-

Reggeon contributions

Ri, R;,

gijp (t)

YRR Ry, (1)

R, € {P, 0, f,, w, p, a,} but with respecting conservation laws

dZO.ijk D
dtdM?

dZO'SD
dtdM?

>

ijk

P. D. B. Collins, Cambridge University Press (1977)
K. A. Goulianos et al., Phys. Rev. D 59, 114017 (1999)

dZO'ijk SD _ 1 S_O
dtdM? _ 16m2s2 IR

s \ai(®)+aj(t)
o Oz © (777

aRk(O)
YRR Ry, () gr,pp (0) <¥> Cos (E

2

~(a(®) - a,-(t)))
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Dipole Regge approach for single diffraction (SD)

in the triple Regge approach the triple pomeron vertex results the following
contribution for the double differential SD cross section:

2 __PPP
d“ogp

dtdM?

1 1 , s 2ap(t)—2
= Tonz mz 9er () (W)

gppp (t)gppp (0)(M?)%or~1

gppp is found to be t-independent

assumption: the t-dependent part of the amplitude of the SD process has the form in

case the pomeron a simple pole:

ima

Asp(s, M, a(t)) ~ e 2 G(a)(s/M*)"

G (a) incorporates the t-dependece coming from gp,, (t)

a dipole pomeron amplitude is obtained as:

d

DP 2 d  sp 2 Jma s A\, LTt
Asp (s,M ,a)=—aASD(S,M ,a) ~e 2 (—) G (a) + LSD—? G(a)

MZ

Lep = In(s/M?)

N 7
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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:

d26EPP 1

dtdM? ~ M2

(Gp'Z (ap) + 2LspGp(ap)Gp'(ap) + Glg (ap) (

7-[2 S 2ap(t)—2
Lsp +—>> Gm) o

4

bplap—1-6p]

GIID (ap) = ape

ap=1+5p+al,3t

Gp(ap) = fG’(“P)d“P = ap(

ebrlap—1-6p]

bp

_ yp)

Lep = In(s/M?)

o"P(M*) = gpppgppp(0) (M?2)°r

= the dipole odderon contribution is considered in the form of an odderon-odderon-
pomeron OOP vertex and written as:

d?o8PP 1
dtdM?2 M2

I/ I/ 7T
(Go 2(ap) + 2LspGo(ap)G'(ap) + G5(ap) <L§D +—

2

4

)) (S/MZ)ZaO(t)—ZO.Pp (MZ)
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RRP and pion contribution in SD

RRP contribution:

d2gRRP 1

YT — Ve a}%eZbRaR(t) (S/MZ)ZaR(t)—ZO.Pp(MZ)

aR(t)=1+5R+af;3t

= the pion exchange contribution:

972rpp
41T

dZO.TL' 1 1 2 t S 20,(t)—2
SD _ Irpp | | G,T(t) (_) O.np(MZ)
dtdM? M?4m 4m (t — m2)? M?
2.3 —m;
=133 | | G,(b) = T"?T an(t) = 0.93(t —mz)

o™ (M?) = 13.63(M?)%%8 4+ 31.79(M?) 04>

The full double SD differential cross section is written as:

2 2 .PPP 2 .00P 2 RRP 2 .1
d°osp  d“ogp d“0osp d“ogp d“asp

dtdM?  dtdM?> T dtdM?2 T dtdM?2 T dtdM?
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Description of the SD data

dogp/dt [mb/GeV?]

dogp/dtdé [mb/GeV?]

qualitative description to the data in a wide kinematic (s, t, M?) range
which includes SPS, TEVATRON and LHC energies
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Dip-bump in SD at SPS and LHC energies

dosp/dtdé [mb/GeV?]

the position of the dip and bump in —t in the SD process changes slowly with M?

(or & = M?#/s) and determined by the OOP triple contribution

tSD _ 1 bO —+ LSD tSD _ 1 n4(b0 —+ LSD)Z —+ 7T2 ] . ln(S/Mz)
“bdip— 1 “‘bump— 7 2 SD —
P agby YobolLsp P agby  yobo (4L, + 1?)
100 - . : ‘ ‘ . .
o §=0.054s =630 GeV | ’ ~4.0 < Logpé<-1.6, 4/s =8 TeV
— model ° SPSUAS | _ R —— model @ LHCATLAS
E E N> ‘
9
% 0.01
: £
‘ S}
4 =) 10—4
: 5
3 O
10-8
0 2 4 6 8 10 0
~t [GeV?] ~t[GeV?]

the dip and bump structure is predictced in SD at SPS and LHC energies in the
squared four-momentum transfer range 3 GeV? < —t < 7 GeV?
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Dip-bump in SD at LHC energies (M# and +/s dependence)

dosp/dtdM? [mb/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 bo + L 1 4(by + Lsp)? + m?
_tgg?: / > = _tgzlzmpz / n Bo ;D) 2 Lsp = ln(S/MZ)
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01—
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g a2 2 0.001
105 M? = 200 GeV | © 7 s —2Tev
N T M? = 5000 Ge\/?2 3 —_
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13 g 107
10V VL = *
''''' gj . -————
- -D . ‘ 'I --'-...
10712} LTt T ;
1077} | x
1 2 3 4 5 6 7 8 : 3 4 5 6
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Summary

" 3 Regge phenomenological model with dipole pomeron+odderon
contribution is applied to describe experimental data on pp single
diffraction at energies higher than 0.5 TeV

= dip-bump structure is predicted in the SD process in the squared four-
momentum transfer range 3 GeV? < —t < 7 GeV? and it is resulted from

a dipole odderon contribution (OOP vertex)

= an experimental check of the predicted structure would be interesting

17



Thank you for your attention!



Structures in elastic pp differential cross section

= measurements at CERN ISR in the 1970s revealed the characteristic structures of
the high energy elastic pp differential cross section
< A BN N D N DR S
C | | | | | |
~ 103 T T T 1 | T T T 1 | T 1T 1 | T 1T 1 1T 1T 1 T T T 1 I 1T T 1 1T T 1 g COUIomb-nUCIear interference’
o & : ! : ! ! & o
% 102 § ..... ”break”: small B S % - ____________ Sharp decrease dl‘!e to Coulomb |
Q o= changeintheslope | . i 3 ° | _ scattering
A W itlzodcev: | £ | - _
% 1 0—1 ..... : % ................. "dip_bump": ................. OO
_E 102 %} ............... diffractive n-1inimum ................. 2 c% _ |
_3 -:} and max'mum 10 e {:} ...... G ................ ........................ ..................... ...... —_—
1073 e : : SN O SRS e IR FOORUR bk s m o i
0.000  0.002 0.004 0,006 0.008 0.010 0.012 0.014
-1[GeV?)

Elastic pp differential cross section
measured at CERN ISR at /s = 53.8 GeV

1 2 3 4 5 6 7 8

-t [GeV?]
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Dipole Regge model

L. L. Jenkovszky and A. N. Wall, Czech. J. Phys. B26, 447 (1976)
L. L. Jenkovszky, Fortsch. Phys.34, 791 (1986)

APP(s,a) = e

-5 <i> [G’(cx) + (L _ if) G(a)]
So 2

motivated by the shape of the do,/dt (exponential decrease), the paramterization

of G'(a) is:

G'(a) = aella—ao]

G () is obtained by by integrating G’ («) :

(g is the intercept of the trajectory)

G(a) = fG'(a)da = a(

e
b

bla—ag]

)

introducing that € = yb the amplitude can be rewritten as:

bSO

do
ADP(s, £) = iE(j) , 2(a0—1>[ 2(5)e Oa0-a0] _ g 12 (s)er3ONa0-a]

r#(s) = b+ L(s)

— im/2 r2(s) = L(s) — in/2




Model for elastic pp and pp scattering amplitude

A(s, Dpp

= ABP(s,t) + A?P(s, t) + [ABF (s, ) + AP (s, 1)]

= the dipole pomeron and odderon amplitudes are:

ABP(s,t) =7 2

_iT[O(p(t)( S >ocp(t)
Sop

G (t) + (Lp(s) - %) Gp(t)] AQ" (s, t) = —iApLo (s, t)

Gp(t) = apelrlap(®—ap(0)]

Gp(t) o ap(ebP[aP(t)_aP(o)]/bP — YP)

(with free parameters

LP(S) = lnSO_p

= the simple pole f and w reggeon amplitudes are:

labeled by "0")

O(p(t) =1+ (Sp + O(%)t

Ag(s,t) = —are”

iTtae(t)

(s/50p) Vet

ae(t) = of + ajt

Aw(S, t) = —iAf_)w (S, t)

(with free parameters
labeled by "w")




ISR do,;/dt data and the model

G 10T
% N + 23.4 GeV (x10') + 30.5 GeV (x10%) + 44.6 GeV (x10%)
A N I P
5 1078\~ —ppmodel == pmodel = 0.043 = 0.14 o(f = 0.69 ad = 0.44
3 ap = 0.36 ap = 0.13 or = 0.84 o, = 0.93
10 = ap = 9.10 ap = 0.029 ar =154 a, = 9.69
L\ bp =847 by = 6.96 by = 4.78 b, = 3.5
10 R\ vp =0 Yo = 0.11 - -
: : : : Sop = 2.88 Soo = 1 SOf =1 Sow = 1

107 Fit to proton-proton and proton-antiproton
differential cross section data at ISR energy
region, and to p and total cross section

data from 5 GeV up to the highest energies

0 1 2 3 4 5 6
-t [GeV?]



do,;/dt with P and O contribution, p and o, w/o O

do_/dt [mb/GeV?]

the odderon contribution takes over

completely after the bump but at low-|t|
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the odderon contribution is small
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do, /dt [mb/GeV?]

IIITI

ITITI

ITITIITIT

ISR elastlc pp

ITITII]ITIIII].‘.

-

6

7

do, /dt [mb/GeV?]

do,/dt [mb/GeV?]

10"

R "”l""I”"l' o I”" !____‘_____' .
. aII elaStIC p\bar IO o
I . S | -
.

’__IIIIJI 1 1 | | 1111 ]
0.5 10 15 20 25 30 35 4.0
-t [GeV?]
Pomeron Odderon

5, = 0.04677 = 0.00004

a,, = 0.4144 +0.0002

(1,p = 0.0000 (fixed)

a, = 2.2488 + 0.0036

b, = 5.5835 = 0.0139

e, = 0.0604 = 0.0005
o = 1.0001 = 0.0003

5, = 0.28606 = 0.00013

@, = 0.1745 + 0.0001

(1, = 0.0000 (fixed)

a, = 0.0202 + 0.0001

b, = 0.4015 0.0013
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o0 = 2.7211 = 0.0038

f-reggeon w-reggeon
0, = 0.6869 (fixed) a,, = 0.4380 (fixed)
a,, = 0.8400 (fixed) a,, = 0.9300 (fixed)
a, = -15.4042 (fixed) a, = 9.6945 (fixed)
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s, = 1.0000 (fixed) s, = 1.0000 (fixed)
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Dipole Regge approach for single diffraction (SD)

in the triple Regge approach the triple pomeron vertex results the following
contribution for the double differential SD cross section:

2 __PPP
d“ogp

dtdM?

1 1 , s 2ap(t)—2
= Tonz mz 9er () (W)

gppp (t)gppp (0)(M?)%or~1

gppp is found to be t-independent

assumption: the t-dependent part of the amplitude of the SD process has the form in

case the pomeron a simple pole:

ima

Asp(s, M, a(t)) ~ e 2 G(a)(s/M*)"

G (a) incorporates the t-dependece coming from gp,, (t)

a dipole pomeron amplitude is obtained as:

d

M? 2

. ) G(a)}

DP 2 d sp 2 _ma s A\, I
ASD(S,M,a)=—aA5D(S,M,C¥)~€ 2 (—) G'(a) +|Lsp — =

Lep = In(s/M?)

N
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Odderon contribution in SD in form of an OOP vertex

the odderon-odderon-pomeron vertex results the following contribution for the
double differential SD cross section:

dzoégn> 1 1, 2\2a0(t)—2 208
dtdM? = 16772 WQOpp(t)(S/M ) 0 gOOP(t).gPpp(O)(M ) P

assumption: gyop(t) is t-independent and the t-dependent part of the odderon
amplitude of the SD process has the form:

blap—1]

- Go(ap) = ae

ASh(s,M?, ap) ~ e 2 Go(ap)(s/M?)*o

Go(ap)
Go(ap) incorporates the t-dependece coming from gopp, (t) _ JG(’)(aO)daO

a dipole odderon contribution to the cross section is obtained as:

2

(Golz(ao) + 2LspGp(ap)G'(ap) + G5(ap) <L§D + %)) (s/M?)200O=25PP(2)

d?cd9f 1

dtdM? M2

(the a parameter of G, (ap) accounts also in the defference between gppp and gppp)
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Teljes SD hataskeresztmetszet
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t and ¢ dependence of the SD process at LHC energies
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dip-bump in =t at LHC
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