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@ e.g. simpliest graphs:
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s describe elastic re-scattering of intermediate partonstbe
projectile/target hadrons & o each other
o why all-order resummation?
s higher order (wrtGzp) contributions rise quicker with energy
¢ have altering signs




Enhanced Pomeron diagrams

@ in the dense limit (high energy & smatt):
Pomeron-Pomeron interactions important
[Kancheli, 1973; Cardi, 1974; Kaidalov et al., 1986, ...]

@ e.g. simpliest graphs:

@ (b) © @ (C] ® (9)

Diagrammatic resummatiofiSO, 2006, 2008, 2010] -
o de ne some elementary 'building blocks'

@ construct arbitrary enhanced graphs out of them
o correct for double (triple, etc.) counting
o similarly for cut diagrams (based on AGK-rules)
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In turn, contain Pomeron ‘loop' sequences (examples)

1069979
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o the above-discussed diagrammatic resummation is generic

e but: particular assumptions on the Pomeron amplitude &
multi-Pomeron vertices needed

@ to check the importance of the neglected graphs
s to checks-channel unitarity of the approach

o choose the vertex fomP! nP: G(M" = Ggp g " 3

¢ ) 'renormalized' soft Pomeron in the dense limit
[Kaidalov et al., 1986]af"= ap Gazp=gp

o NB: applies forag"> 1 only
(for Gep=gp > ap 1, Siot(S)! constfor s! ¥)

@ ) positive-de nite cross sections for various nal states

@ neglected contributions { negiligiblésmaller than 1/mille)
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Particular toy mode[SO, 2010]

Relative importance of 'nets' & ‘loops'

50

=
é’ = i o compares s © for the
% 150 |- full resummation
S - @ or including 'net'-like
100 graphs only
@ or

‘ ‘ @ ) neither 'nets' nor

10° 10° 10" 10° 'loops' are negligible
c.m. energy (GeV)

o NB: relative contribution ofP-loops strongly depends c&ng
o simpliest loop contributiory G3,=a3
o )! ¥fora®! 0 (assuming the slope for thd8P-vertex' 0)
e in the above examplead, = 0:14 GeV ? was used
I
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Ssp & non-eikonal rap-gap suppression

e schematic diagram for single high mass di raction:

‘ o C: (real) parton cascade which
2 : produces hadrons

o A,B: (virtual) parton cascades which
transfer momentum

e D,E: virtual rescatterings which
C suppress di raction
p | (eikonal rap-gap suppression factor)

NB: generally, also multiple exchanges of the ABC subgraph
e eg. requwed bys-channel unitarity for DD(at small b)

A
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Ssp & non-eikonal rap-gap suppression

o importance of higher order corrections to the ABC-subgraph?

@ compare di erent approximations for the ABC-subgraph:
o full resummation

]

s just the triple-Pomeron contribution

(A, B & C { uncut/cut Froissarons)

o in all the cases, full resummation is used for D & E

Impact onsgsp (high mass) & di raction pro le at 14 TeV c.m.
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e e.g. for soft cascades quick transverse spread
& low parton density

o hard cascades: frozen in transverse space but
high density rise

o semihard cascades: quick expansion during
'soft preevolution' followed by the density ris:

Phenomenologlcal treatmer[KaImykov & SO, 1994,1997]

o soft Pomerons to describe soft (parts of) cascadps < Q3)
s ) transverse expansion governed by the Pomeron slope

soft Pomerol

o DGLAP for hard cascades QCD ladder

o taken together:
‘general Pomeron' soft Pomerol
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x = M&=s distribution for HMD in QGSJET-I

g
- QGSJET I1-04
10
R o nontrivial shape for HMD:
'. .
: e otz] due to absorptive e ects
L] l.‘ "leuntua, ..
IR bGlsfm . | e steeperx-shape at largeb:
T L3 el | weaker absorptive e ects
i e
i Il HHH\‘ \iHHH‘ Il HHH\‘ | \HHH‘ | \HHH‘ | \HHH‘ | \HHH‘ ;\EI;HH o atter X-Shape at Sma”eb.

0% 10° 10" 107 . strong absorption



Di raction at LHC

o forward rap-gap (iF) distribution: QGSJET-11-04 wrt ATLAS

100 T T T T T T T T
ATLAS data  +
rapgap total
+ highmassSD
low+highmassDD o
1) - high mass DD J
PPR
+ DPE o
+ *HM
a @ Mttt 1@ overallhg-dependence:
: R wocext — Steeper for largéng
g DDDDDD T e d d
g B o data not decisive yet
k) 0.1 DDDDDDDDDDDDDDDDDDDUDL@QQDDDDDDDD‘! y
(too narrow hg-range)
oot o dominated by SD (HM)
.01 ) 1] . .
o T """’*-,’-‘.._ . o contributions from DD
S ) (HM & LHM), PPR
0.0010 1 2 3 4 5 6 7 8 o central diraction: at

sub-mb level



Di raction at LHC

o forward rap-gap [ig) distribution: QGSJET-II-04 wrt ATLAS

100 T T T T T T T T
ATLAS data  +
rapgap total
+ highmassSD %
low+highmassDD o
1) - high mass DD J
PPR
+ DPE o
+ *HM
a @ Mttt 1@ overallhg-dependence:
: T wecext  Steeper for largéng
g DDDDDD T e ..
 o1f  ongy e data not decisive yet
fole} falaoleuialsla]
i (too narrow he-range)
oot o dominated by SD (HM)
.01 | ) 1] . A
o T """’*-,’-‘.._ . o contributions from DD
S ) (HM & LHM), PPR
0.0010 1 2 3 4 5 6 7 8 e central diraction: at

sub-mb level



Di raction at LHC

o forward rap-gap [ig) distribution: QGSJET-II-04 wrt ATLAS

100 T T T T T T T T
ATLAS data  +
rapgap total
+ highmassSD %
low+highmassDD o
1) - high mass DD J
PPR
+ DPE o
+ *HM
a @ Mttt 1@ overallhg-dependence:
: T wocext — Steeper for largéng
g DDDDDD T e ..
 o1f  ongy - data not decisive yet
o] nhganaeastt
ategag e (too narrow hg-range)
oot o dominated by SD (HM)
.01 0gq00 O 1] . .
o o0 asetene’ % """’*-,’-‘.._ . o contributions from DD
S ) (HM & LHM), PPR
0.0010 1 2 3 4 5 6 7 8 o central diraction: at

sub-mb level



Di raction at LHC

o forward rap-gap [ig) distribution: QGSJET-II-04 wrt ATLAS

100 T T T T T T T T
ATLAS data  +
rapgap total
+ highmassSD
low+highmassDD o
1) - high mass DD J
PPR
+ DPE o
+ *HM
a 1 Mt 1@ overallhe-dependence:
: T wocext — Steeper for largéng
g DDDDDD T e d d
8 | e o data not decisive yet
oo DDDDDDDDDDDuuuuuuuunm;;uDDDDDDDDDD1 Y
(too narrow hg-range)
oot o dominated by SD (HM)
Ul o0 ] . .
o T """’*-,’-‘.._ . o contributions from DD
SO ) (HM & LHM), PPR
0.0010 1 2 3 4 5 6 7 8 o central diraction: at

sub-mb level



Di raction at LHC
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From SFs tos 5 saturation or multi-parton correlations

o 'Marry' slow energy rise o6 and the steep increase %,?

o production of minijets along too high si5
[Rogers, Strikman & Stasto, 2008]

nonlinear parton dynamics { crucial

©

<

does parton saturation solve the problem?

<

mimicked in models by energy-dependent cutd@y = Qo(9)
o but: saturation doesn't hold for largé (which dominates 5

<

what is di erent in pp compared to DIS?

@ in po: rescatterina o the (. Q') i ¢ (X, Q)
non-inclusive observables can't be described with unlversaPr'SDDJ

o in DIS: rescattering of P
intermediate partons o
the parent hadron

(additional screening corrections are process-dependent)
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Multi-Pomeron interactions & multi-parton correlations

@ now hard screening
(hard elastic rescattering)

@ and double hard scattering
(production of 2 jet pairs)

@ no e ect for inclusive jet spectra
[( 2 1+(+ 1) 2=0Q]

e but: screening correction fos 5
[( 9+(+ )= 1]

) multi-parton interactions provide a key to understamg’g
(and vice versa)
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@ only 3! 4 contribution
@ assume AGK rules

@ neglectb-size of the 'hard
triangle’ wrt soft evolution

@ ) ‘'hard triangle' works as an
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Caveat: the small rap-gapygap= Inx5' 2 3) may be formed by

uctuations in particle production

o check with QGSJET-Il simulation: all events with
0:035< xp< 0:095 (exp. triggers NOT implemented)
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4o similar fraction of events with
Xp < 0:02 obtained ( 0:2)
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Bottom line:

@ accurate studies of-dependence necessdior a reliable
determination of DPE cross section
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