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Elastic pp scattering and single diffractive dissociation
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Leading order Pomeron exchange graph contributing to
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Schematic rapidity distribution of outgoing particles in
pp elastic scattering and in pp single diffractive dissociation



Structures in elastic pp differential cross section

do_/dt [mb/GeV?]

measurements at CERN ISR in the 1970s revealed the characteristic structures of
the high energy elastic pp differential cross section
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Elastic pp do,;/dt measurements at medium and high |t|

do,/dt [mb/GeV?]
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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 |4
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= basic assumptions:

* the asymptotic behaviour of the scattering amplitude A(s,t) is determined
by an isolated j-plane pole of the second order (dipole)

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

= the partial wave amplitude is obtained as a derivative of a simple pole:
BG) | _ B
da(t) |j —a@®] [j—a@®)]?

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

a;(t) = a(j,t) =

APP(s, ) = iASP(S, a) = e_mTa <i> [G’(a) + (L — E) G(a)]
da So 2

_ina s\" s
AP(s,a) =e 2 G(a) (—> a = a(t) L=In—
S0 S0




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

() e (1=l
So 2

motivated by the shape of the diffraction cone (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
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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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SPS + TEVATRON + LHC do,;/dt data and the model
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do,;/dt with P and O contribution, p and th w/o O

do_/dt [mb/GeV?]

the odderon contribution takes over 0.25| o mosel
completely after the bump but at low-|t|

the odderon contribution is small
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Dip and bump position in do,;/dt in a

dipole Regge model

iTa

APP(s o) = e 2
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So 2
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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)

pp Vs = 31 GeV, Ae ™ fits

— a]astic B = 10.5 GeV?

SD M? = 2 GeV?, B = 4.44 GeV?

SD M? =68 GeV?, B = 4.29 GeV?

SD M? = 146 GeV?, B = 3.47 GeV?

" it can be explained in a framework of a
dipole Regge model in which the dip-
bump structure moves to higher |t

E T
i
=
-
L
C
:I

values as the value of the slope ...-"""i'zo.....
parameter decreases a

T I R T
= a dipole odderon+pomeron Regge 15 2 25 3

approach can be used to predict dip- t [GeV]
bump structures in pp single
diffractive dissociation at LHC energies
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Triple Regge approach for single diffraction (SD)

gijp (t)

YRR Ry, (1)

Y
o

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

IPIP IPIP faf2 fafa falP IP fs foIP wiP
P fﬂ P f2 P P fg w

d?agp
dtd M?

S )ai(t)+a’j(t)

_ 1 s 7\ T
) Zk 1672 52 IRivp (O Gr,pp (1) (W Irir;ri () Gripp (0) “©%\2 (ai(t) — Y (t))
ij

So
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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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Dipole Regge approach for single diffraction (SD)

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

d26EPP 1

dtdM? ~ M2

(Gp’Z (ap) + 2LspGp(ap)Gp'(ap) + GI% (ap) (

, T2 s \2ap(t)-2 ) i
o+7)|Gr) oo

bp[ap—l—Sp]

GIIJ (ap) = ape

ebrlap—1-4p]
Gp(ap) = fG,(aP)daP = ap( by — VP)

ap:1+5p+al’3t

a"P(M*?) = 9gprpp9prpp(0) (M?)°r

= Using the § = M?/s proton’s relative momentum loss variable, we have:

n_)) El_Z“P(t)aPp(sf) Lsp = ln(s/MZ)

= —Iné

d?otlP " , , ) 2
dtd? =\ Gp'“(ap) + 2LspGp(ap)Gp'(ap) + Gp(ap) | Lsp + I
1 b+ L
= dip and bump appear at: —ta,= — In BL 5D SD
SD

¢ 1 1 4‘(b + LSD)Z + T[Z
— — n
bump= o'h " yb(412, + w2)
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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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RRP and pion contribution in SD

= RRP contribution:

d*osp” 1 brap(t) 2\2aR(£)=2 —Pp (g2
dedM? — gz ore T S/MEERE A

ar(t) =1+6g+apt

= the pion exchange contribution:

1 g2, |

fw.-"'p{ é:: t)=

d*o ) o
(fE(]rf :fﬂ'p(ér}g P(Sé_)
qu)gl—zqﬂ(g G ,”:2.3—;71;:_‘ E _ 133
= 1l 23—1¢ A

= The full double SD differential cross section is written as:

dZUSD _dzagbpp dzasg)Dop d20§§P dZUgD
dtdM?2  dtdM? = dtdM? = dtdM? = dtdM?

ax(t) =a; (t —m;
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Total SD cross section
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t dependence of the SD process at SPS energies

dosp/dt [mb/GeV?]
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t dependence of the SD process at 630 GeV

dogp/dtdé [mb/GeV?]
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¢ dependence of the SD process at 546 GeV and 1.8 TeV
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t dependence of the SD process at 8 TeV

dosp/dt [mb/GeV?]
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¢ dependence of the SD process at 7 and 8 TeV
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dip-bump in —t at SPS energies
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dip-bump in =t at LHC

dogp/dt [mb/GeV?]
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t, M% and s dependence of the SD process at LHC energies
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Summary

" dip-bump structure is predicted in SD process and it results
from a dipole odderon contribution

= as the M? rises the slope of the t distribution decreases and
the position of the dip-bump structure goes to higher -t values

= the calculations predict a dip-bump structure in -t at LHC
around 4 GeV?

" it would be interesting to check experimentally if such a dip-
bump structure is present in the SD process
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Thank you for your attention!



do, /dt [mb/GeV?]
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t and ¢ dependence of the SD process at LHC energies
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