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DIFFRACTION
DISSOCIATION at the LHC

Laszlo Jenkovszky, Kiev
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Some open questions:

0) Definition of diffraction: rapidity gap vs. P exchange;
1) The ratio between SD, DD and CD?

2) Integrated cross section require the knowledge of the M-
dependence for all M! Low- and high M:

3) Duality in M (FMSR);

4) Structures in t: a dip in t~1 GeV"2,...

5) The background (in s and in M);

6) Exclusive-inclusive relation;

7) From elastic to inelastic diffraction (dis)continuity.



Simple (but approximate) factorization relations

d°opp d*osp1 d*osp2 dUez

dtdM2dM2 ~ dtdM? dth2/

(1)

Assuming e’ dependence for both SD and elastic scattering, integration over
t yields

dM2dM2 dM?
where k =12/(2r — 1), r =bsp/be.

d°opp kd osp1 d* USDQ/ o (2)



47 do

7L
01(s) = ——ImA(s,t =0); — = S|A(s, )% n(s);

tthr.~0 do d do
O,] = — O = 0t—0.; B(s,t) = —In .
el /tminz—s/zzoo di mn t—Yel (s,1) dt ( dt>

Agg(*s?t) — P(S,t)iO(S,t)+f(S,t)iCd(S,t) —LHC™ P(Svt)iO(Sat)a

where P, O, f. w are the Pomeron, odderon
and non-leading Reggeon contributions.
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do/dt [mb/GeV ]
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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) =

(A, 1) — AP(SJ)\Q.

R(s,t) = 5
>0 A 0)

(2)
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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.

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 dtjj‘&z was measured in the region
X

0.024 < —t < 0.234 (GeV/c)?, 0 < M? < 0.12s, and (105 < s < 752) GeV?,
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.
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Alternative (to the triple Regge) approach:
Diffraction dissociation and DIS :
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G.A. Jaroszkiewicz and P.V. Landshoff, Phys. Rev. 10 (1974) 170;
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JLAB > LHC; y=> P: g"2> t
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Dual properties of the inelastic SF (transition amplitude)
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Veneziano duality
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At the LHC, in the nearly forward direction, Pomeron exchange dominates;
the rest, e.g. f-exchange, being negligible
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The pp scattering amplitude

A(S,t)p =

S ap(t)—1 1+ e—i'irap(t) (1)

-l + R ()

S0

sinmap(t)

where f“(t) and f%(t) are the amplitudes for the emission of « and d valence
quarks by the nucleon, S 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

do  [3BF*(t))*
dt — Arsin®[rap(t)/2]

(s/50) 77072, (2)



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 B 954[Fp( )] 2\2ap(t)—2
dtdM% 4w sin®[rap(t )/2]( /M) (1)
B/Zi(l —MX/S) — mWi(t +2m?)/s*

where W;, 1 = 1,2 are related to the structure functions of the nucleon and
W5 > Wj. For high M)z(, the W o are Regge-behaved, while for small M)Z( 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:

Bo 9FF()F

~ n-2 Vo
dtdM?% 47

om

(s/M% ) (1)

These expressions for SDD do not contain the elastic scattering limit because
the inelastic form factor Wa(Mx,t) has no elastic form factor limit F(¢) as
Myx — 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:.



At the lower vertex, the inelastic FF (transition amplitude) is the structure

function
—t(1 —x)

" dray (1 + 4m222/(—1))

W2(M}2(7t) ImA(M)Q(at):

(here the Briorken variable # ~ —t/M3), where the imaginary part of the
transition amplitude is

2 ()" Im (M)
mAME D=0 ), e he ol I aE)E

n=0,1,...
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be written in the following way:

Ima(s) = s° Z Cn, % -0(s — sn), (1)

where A\, = Re a(s,).



The real part of the proton trajectory is given by

S
Rea(s) = a(0) + — En cnAn(s)
where
(1—§)T(\, +1) ( s
An — F 171_67An_5—|'2’_
(5) (A, — 6+ 2)3711_52 ! Sn

L(=0)T(An +1)s),
sT'( A\, — 0+ 1)

3 (6—)\n,1;5+1;%) }Q(S—Sn).



SD and DD cross sections

T 2mp T
P P
dSUDD _ C F2 (xB t) O-TP(M127 t) O-Tp(M227 t)
dtdM2dMz " T om, om,




“Reggeized (dual) Breit-Wigner” formula:

AN+

PPM2t:I AMzt: BtMQZ
Or ( x ) ) m ( x ) ) Znn_aN*(M%)+ g(, a:)
O Im a(M2)

= Bpeint (M2 — MZ, .

- Z Bn F05 - ReaQU2) + ImaQiR)y T 2 ( pr)

F(ZCBJt) — . Tp =

(M2 —m2) (1+ 4m§x2B/(—t))3/2 M2 —m2 —t
1 .
Fp(t) — . —, f(t) _ ebmt
T 0.71

a(t) = a(0) + o't = 1.04 + 0.25¢



SDD cross sections vs. energy.
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Approximation of background to reference

points (t=-0.05)
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Approximation of background to reference
points (t=-0.9)
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B-slopes for SD
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Double differential SD cross sections
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Single differential integrated SD cross
sections
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Opp (MD)

DDD cross sections vs. energy.
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Integrated DD cross sections
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The parameters and results

bi, (GeV™2) 0.2 asp (mb) 14.13
b% (GeV~2) 3 osp(M < 3.5GeV) (mb) || 4.68
o (GeV—2) 025 osp(M > 3.5GeV) (mb) || 9.45
(0) 1.04 Oies (Mb) 2.48

¢ 1.03 og (mb) 9.45

A, 18.7 opp (mb) 10.68

B, 8.8 opp(M < 10GeV) (mb) ][ 1.05

C, 3792 | | opp(M >10GeV) (mb) || 9.63




Open problems:

1. Interpolation in energy: from the Fermilab and ISR to the LHC;
(Inclusion of non-leading contributions);

3. Deviation from a simple Pomeron pole model and breakdown of

Regge-factorization;

4. Experimental studies of the exclusive channels (p+mr,...)
produced from the decay of resonances (N*, Roper?,,,) in the

nearly forward direction.

5. Turn down of the cross section towards t=07?!



Prospects (future plans):
central diffractive meson production
(double Pomeron exchange)

F13a1

Meson ( M“2)
Frrm(t1,t2,M)
-

F24(12)




Thanks for your attention!

Recent: L. Jenkovszky, R. Orava, A. Salil,
Low-mass single- and double diffraction
dissociation at the LHC, hep-ph, November.



