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where P, O, f. w are the Pomeron, odderon
and non-leading Reggeon contributions.
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NB: The S-matrix theory (including Regge pole) is applicable to asymptotically
free states only (not to quarks and gluons)!
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Elastic Scattering

Vs =14 TeV prediction of BSW model

momentum transfer -1 ~ (p6)3
8 = beam scattering angle
p = beam momentum
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CERN LHC, TOTEM Collab., June 26, 2011:
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Low- | t|(fine-) structure of the cone (Pomeron?) the LHC:

L. Jenkovszky, A. Lengyel, Acta Phys. Pol. Acta Phys. Polonica B, 46
(2015) 863; arXiv:1410.4106; D. Fagundes et al., hep-ph/1509.02197.
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Tiny oscillations on the
cone?
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T he Pomeron trajectory

The Pomeron trajectory has threshold singu-
larities, the lowest one being due to the two-
pion exchange, required by the t—channel uni-
tarity. There is a constrain (Barut, Zwanziger;
Gribov) from the t— channel unitarity, by which

Sat) ~ (t — to) ") +1/2 4 4

where tg is the lightest threshold. For the
Pomeron trajectory it is tg = 4m727, and near
the threshold:

a(t) ~ \/4m72r—t. (1)




Representative examples of the Pomeron trajectories: 1) Linear; 2) With a
square-root threshold, required by t—channel unitarity and accounting for the
small-t “break” as well as the possible “Orear”, eV~ behavior in the second
cone; and 3) A logarithmic one, anticipating possible “hard effects” at large |t|
t] < 8 GeV?Z,

OépE()zp(t):1+5p—|—Oélpt7 (TRl)
ap(t)=14+0dp + aipt — asp (\/404§P—t—2&3p> : (TR.2)

ap=ap(t)=1+0p —arpln(l — aspt). (TR.3)
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Linear particle trajectories

Plot of spins of families of particles against their squared masses:
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The slope of the cone for a single pole is:
B(s,t) ~ &/ (t)Ins. The Regge residue eba(t)
with a logarithmic trajectory a(t) = «(0) —
~In(1 — Bt), is identical to a form factor (geo-
metrical model).



P and f (second column) have positive C-parity, thus entering in the scat-
tering amplitude with the same sign in pp and pp scattering, while the Odderon
and w (third column) have negative C-parity, thus entering pp and pp scattering
with opposite signs, as shown below:

A(s, ) = Ap (s,8) + As (s,1) £ [A,, (5,1) + Ao (s,1)] (1)

where the symbols P, f, O, w stand for the relevant Regge-pole amplitudes
and the super(sub)script, evidently, indicate pp(pp) scattering with the relevant
choice of the signs in the sum.

d

Ap(s,t) = dap {e_imP/zG(ap)(s/so)aP} —

—imap(t)/? <s/so)ap(t) [G’(ap) + (L - m/z)a(ap>] .



The Pomeron is a dipole in the j—plane

Ar(syt) = 2 [e ™2 Glar) (s/s0) | = )

e~ imar(t)/2 <s/50>ap(t) {G’(ozp) + (L — 7j7r/2> G(Oép)} .

Since the first term in squared brackets determines the shape of the cone,
one fixes

G'(ap) = —apetrlor=1l (2)

where G(ap) is recovered by integration, and, as a consequence, the Pomeron
amplitude can be rewritten in the following “geometrical” form

ap S

Ap(S,t) =1

bp sg

where 7%(s) = bp + L —im/2, r3(s)=L —ir/2, L=1In(s/sq).
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Energy variation of the relative importance of the Pomeron with respect to
contributions from the secondary trajectories and the Odderon:

Sm(A(s,t) — Ap(s,t))
SA(s 1) ’ (1)

where the total scattering amplitude A includes the Pomeron contribution Ap
plus the contribution from the secondary Reggeons and the Odderon.

Starting from the Tevatron energy region, the relative contribution of the
non-Pomeron terms to the total cross-section becomes smaller than the ex-
perimental uncertainty and hence at higher energies they may be completely
neglected, irrespective of the model used.

R(s,t=0) =

(Als, 1) — AP(SJ)F.

R(s,t) = 5
& A1)

(2)
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Factorization (nearly perfect at the LHC!)

2 (91f1)2(f192)2
)" ="

Hence
d3o d?cy  d*0cy dog

dtdM?dM?2  dtdM? dtdM2 dt

Assuming exponential cone, t** and integrating in ¢, one gets

d’cpp 1 doy doo

dM2dM2 oo dM? dM2’

where k =r?/(2r — 1), r = bgp/ber.

2
Further integration in M? velds opp = k252
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Low-mass diffraction dissociation at the LHC

L. Jenkovszky, O. Kuprash, J. Lamsa, V. Magas, and R,. Orava:
Dual-Regge approach to high-energy, low-mass DD at the LHC,
Phys. Rev. D83(2011)0566014; hep-ph/1-11.0664.

L. Jenkovszky, O. Kuprash, J. Lamsa and R. Orava: hep-ph/11063299,
Mod. Phys. Letters A. 26(2011) 1-9, August 2011;

L. Jenkovszky, O. Kuprash, Risto Orava, A. Salii, arXiv:1211.584,
Low missing mass, single- and double diffraction dissociation at the LHC

Experimentally, diffraction dissociation in proton-proton scattering was in-
tensively studied in the '70-ies at the Fermilab and the CERN ISR. In par-

ticular, double differential cross section dtj]f/ﬂ was measured in the region
X

0.024 < —t < 0.234 (GeV/c)?, 0 < M? < 0.12s, and (105 < s < 752) GeV?Z,
and a single peak in M% was identified.

Low-mass single diffraction dissociation (SDD) of protons, pp — pX as well
as their double diffraction dissociation (DDD) are among the priorities at the
LHC. For the CMS Collaboration, the SDD mass coverage is presently limited to
some 10 GeV. With the Zero Degree Calorimeter (ZDS), this could be reduced
to smaller masses, in case the SDD system produces very forward neutrals, i.e.
like a N* decaying into a fast leading neutron. Together with the T2 detectors
of TOTEM, SDD masses down to 4 GeV could be covered.




d2o/dt M2 —mb-(Gev/cT2- Gev

FNAL

My - MeV
1400 1688 ,
8 TTTTTITTTOTTT 1 T rrrrrrrmr T !
20'
- (pp—Xp) ¢ USA-USSR
L dt diM&'S) Akimov et ol
¢ CHLM(ISR) $:500 7
i p+d — X4+ d r 1=0042 Albrow etal. 4
- - : 4 RUTGERS-IMP COLL N
] Plab = 275 GeV/c ~ | A
: - + USA-USSR ) ]
H f Akimov et ol 4100
P 000} } v RUTGERS- lMPCOLLf ]
l} 'f Cod ™ _ Abe etal ]
i i B ¢ . ]
K 1 500 £ ‘ {;* o | CARNEGIE-MELLON S:= 40 3
h _ > r " o ) and BNL $: 20 1
i ) /hl =0.035 (Gev/c) N " } i} s | Elelstein et ol S 13 |
! b I1t1=0.05 - = : .
: o - [ ] ° 4
H : S
[ ) v 200~ -
H O pr
.' g \ ~ - y \.
’ T 0 y [
s kY "
i ﬁ# E oot .
! N /M C ]
.~ = -
:‘ \ \‘s:/ C )
[/ O\ ** 50 i ':
~B. r
( )2 %%‘O‘-g..~.~. _:
[ ATprMwer To-o-03s | FL_Ile‘lnl_lIJ4 AR T TR R RN A SR S R
15 2 3 45 °© IS 20 30 0002 0005 00 002 005 Ol 02 05 !

My2-Gev? 2
) MZ/S = |-x



pn (1)
™\
t
O—
Ian
N X
d’c I !>'
dtdx 1’.
p P
h

¥
a




M

=M

=M

1t

BricTporisii 3azop
Ins

0

y=- Gucrpcn‘a
% Poxnenne yacTril

|:| 3asop (gap)

A

Ins
v L7 4//
2 //
0
Ins .
// //
/// L W
y
B Ins .
.
Ay, g/lan Ay,
0
0







=y

Unitarity _

5% =

Veneziano duality



Similar to the case of elastic scattering, the double differential cross section
for the SDD reaction, by Regge factorization, can be written as

d*c  9BY[FP(1)]? 2 \20p ()2
dtdM%  Arxsin®[rap(t)/2] (s/Mx)* "0 (1)
{32(1 —MX/S) — mW, (t +2m?)/s*

where W,;, 1 = 1,2 are related to the structure functions of the nucleon and
Wy > Wy. For high M%, the W1 5 are Regge-behaved, while for small M% their
behavior is dominated by nucleon resonances. The knowledge of the inelastic
form factors (or transition amplitudes) is crucial for the calculation of low-mass
diffraction dissociation.



In the LHC energy region it simplifies to:

Po  9FFI()P

N n-2 V2
dth)Q( 4

A42 2ap ( .
(s/Mx) om

(1)

These expressions for SDD do not contain the elastic scattering limit because
the inelastic form factor Wo(Mx,t) has no elastic form factor limit F(¢) as
Mx — m. This problem is similar to the x — 1 limit of the deep inelastic

structure function Fy(x, Q?). The elastic contribution to SDD should be added
separately:.



The pp scattering amplitude

A(S,t)p —
S ap(t)—1 e—iwap(t) 1
~BL ) + £ (—) Lt , Y

S0 sin Tap (t)

where f“(t) and f%(t) are the amplitudes for the emission of v and d valence
quarks by the nucleon, 3 is the quark-Pomeron coupling, to be determined
below; ap(t) is a vacuum Regge trajectory. It is assumed that the Pomeron
couples to the proton via quarks like a scalar photon.

A single-Pomeron exchange is valid at the LHC energies, however at lower
energies (e.g. those of the ISR or the SPS) the contribution of non-leading
Regge exchanges should be accounted for as well.

Thus, the unpolarized elastic pp differential cross section is

o __[3ppin)’
dt  4rsin’[rap(t)/2]

(s/50) 2772, (2)



The final expression for the double differential cross section reads:

s 200p (t)—2 (1 — :13)2 [Fp(t)]z y
Ao < ) (M:?; mQ) (1 4 %)3/2

3 (O Im (M)
, (2n+0.5— Re a(M%))?2 4+ (Ima(M%))?

n=1,



SD and DD cross sections
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“Reggeized (dual) Breit-Wigner” formula:

AN+
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SDD cross sections vs. energy.

Ggp (Mb)

- 25 © @ ALICE (M<200 GeV)
- - O ALICE (extrapolated to M*<0.05s)
- ! 20 — A ISR (M’<0.05s)
5 — [ Y UAS (M’<0.05)
N s o L A UA4 (M’<0.055)
i ye = 15 = o E710 2 GevieM*<0.055)
L L /’ e B
i H i T j/T balo - s e
C o He i //I st --A-Az@-é& ? - ? )
I Ji i - / i
- 0 e  Preliminary
. . ) 107 10’ 10
10 10 10 s [GeV]

Is (GeV)



Approximation of background to reference
points (t=-0.05)
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Double differential SD cross sections
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Single differential integrated SD cross
sections
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The parameters and results

b, (GeV~2) 0.2 osp (mb) 14.13
b% (GeV~2) 3 osp(M < 35GeV) (mb) || 4.68
o (GeV_2) 0.25 (TSD(M > 3. SGGV) (mb) 9.45
«(0) 1.04 (’Res (mb) 2.48

p 1.03 aBg (mb) 9.45

A, 18.7 oop (mb) 10.68

B, 8.8 (TDD(M < IOGGV) (mb) 1.05

o 3.79%-2 opp(M > 10GeV) (mb) || 9.63




Prospects:
Central diffractive meson production (double Pomeron exchange);
Antoni Szczurek et al., talk at this Symposium
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TABLE I: Two-component duality

ImAla+b—c+d)= R Pomeron
g—channel Y ARes Non-resonant background
t—channel Y ARegge |Pomeron (I =S=B=0; C =+1)
Duality quark diagram | Fig. 1b Fig. 2
High energy dependence|s®~!, a <1 a1




Thank you!

Laszlo L. Jenkovszky
jenk@bitp.kiev.ua



