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Non-Diffractive Surprise of HERA
Scattering

ZEUS

Diffractive Scattering

expectation before HERA

~0.01%

seen ~20% at Q%?=4 GeV?
~10% at Q2% = 20 GeV?
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Diffractive Reactions in DIS
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Rapidity Gaps
AY = In(1/xip)
~ In(W?/M?x) =An

M

Forward protons
with xL = 1-xip > 95%
xL ~ longitudinal
fraction of proton

Q? - virtuality of the incoming photon momentum

W - CMS energy of the incoming photon-proton system
X - =Q?/W?

Mx - invariant mass of all particles seen in the detector
t - momentum transfer to the diffractively scattered proton

B =QU(Q%+ M?) xip = (Q% + M?)/(W? + M?)



Rapidity Gap Selection
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Select diffractive events by requirement:
No energy deposition in some area of the detector
- Nmax cut

no energy means no cluster with > 400 MeV
note: noise O(100) MeV per cell



ZEUS Collaboration; M.Derrick et al.

Observation of Events with a Large Rapidity Gap in Deep
Inelastic Scattering at HERA

DESY 93-093 (July 1993)

Physics Letters B 315 (1993) 481-493
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ZEUS Collaboration; J.Breitweg et al.

Measurement of the Diffractive Cross Section in Deep Inelastic Scattering using ZEUS 1994 Data

DESY 98-084 (July 1998) as a function of W and M,
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http://link.springer.de/link/service/journals/10052/bibs/9006001/90060043.htm
http://link.springer.de/link/service/journals/10052/bibs/9006001/90060043.htm
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Events

Non-diff MC (Ariadne)
exponentially suppressed RG

= (zenerator l.evel
---- Detector T.evel

AY = In(W/M,)?
AY = In(1/x;p) ?
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Probability to see a gap AY in an non-diff event - exp(-)AY)

Physical interpretation of the Gap Suppression Coef. A~ 1.7

Fevnman (~1970): A depends on the quantum numbers carried by the gap

Photon — Hadron . = 2 for the exchange of pion q.n. & Regge
Interactions,
lecture 52 =1 for the exchange of rho q.n.

< phenomenolo
— 0 for the exchange of pomeron q.n. P 9y

In the Longitudinal Phase Space Model

A — particle multiplicity per unit of rapidity
cluster



lefractlve Slgnatures
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ZEUS

DJG [] SR+lihop [] Sang(My, < 2.3 GeV) * D-PYT-Sang(Ep. > 1 GeV)
W=37-55GeV W =200 - 245 GeV
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Ll
Lol |

20

10 -

-

0

0 5 1
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Mx and LRG methods have a different sensitivity to the
proton dissociation background
some control over p-diss systematic



LRG vs Mx
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H1 Diffractivg Measurements

~ Scattered proton in Leading " Large Rapidity Gap’ (LRG)
 Proton Spectrometers (LPS) adjacent to outgoing

(untagged) proton

ehity
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Limited by statistics and -
p-tagging systematics Limited by p-diss systematics

(as in ZEUS) (as in ZEVUS)
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LRG vs LPS
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H1-LRG vs ZEUS LRG
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Partons vs Dipoles

Infinite momentum frame: Partons

° . F2 measures parton density at a scale Q°

'
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Proton rest frame: Dipoles - long living quark pair interacts with

the gluons of the proton dipole life time = 1/(m) x)
=10-1000 fin atx =102 - 10
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for small dipoles, at low-x, dipole picture
is equivalent to the QCD parton picture

0gq ~ I Xg(x,Q°)



Diffraction as a shadow of DIS
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Diffractive structure function
approach

B corresponds to x

fip =

€

L p

=
Y = fr(zp,t) By (8,Q%)
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Dipole approach
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Oqq ® r? xg(x,u*=1/r?)

= suppression of small dipoles
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Big question for LHC precision measurements:

is the inclusive diffractive component evolving with Q? like in DGLAP
or like in the dipole model (or even in a more involved way) ?

The inclusive diffractive data do not have enough precision to answer it

Clear hints provided by the exclusive vector meson production
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Pomeron intercepts from excl. Vector Mesons
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W dependence of exclusive Vector Mesons
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Dipole model with the DGLAP evolution of the gluon density predicts

cross sections
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Dipole model description of oL /ot for VM
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Extracting Proton Shape using dipoles

= T(b) ~ exp(-b* /2B) |
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The size of interaction region B for various VM

Modification by Bartels,
Golec-Biernat, Peters
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B in inclusive diffraction
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no dependence of B from Q2 observed
in agreement with the expected dominance of large dipoles?
precise evaluation in dipole model is still missing



good description of
diffractive jets with
diffractive structure
functions, DPDFs

Diffractive jets
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Diffractive jets at pp
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Evidence for strong absorptive effects in comparing diffractive jets in pp
with HERA DPDFs predictions

S2 ~ 0.1 at Tevatron,
S? is expected to be significantly smaller at LHC



Conclusions

Diffraction is a substantial part of DIS reaction

The success of the dipole description of the vector meson
production (based on the gluon density determined in F2)
strongly indicates the existence of an universal hard Pomeron.

Inclusive diffractive data show that this pomeron is also soft,
in agreement with the properties of a QCD-BFKL Pomeron which
is hard and soft simultaneously

Good agreement of inclusive diffractive jet predictions based on
DPDF’s together with Tevatron data

>

strong absorption of hard diffractive processes at LHC
e.g: diffractive Higgs, abundance of Ml
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The dynamics of Gluon Density at low x is determined by the
amplitude for the scattering of a gluon on a gluon, described by
the BFKL equation

s,
Als ) = 608 = k%) + [ dfK(l.a)A(s,q.K)
Jlns
P ‘ Dprs . which can be solved in terms of the
C O eigenfunctions of the kernel
ko ol kg
F, [ W20 L0 = wf(l)
fBFKL

in LO, with k= (L iv—1/2
fixed Os f ( ) ( )
W = Gk Xl

prevailing intuition (based on DGLAP) -
gluon are a gas of particles

BFKL leads to a richer structure -
basic feature: oscillations

P2




Properties of the BFKL Kernel

Quasi-locality

Kk, k') = kk,z e, 6™ (In(k?/K'?))

k1

Crn = /OOO dk'*K(Kk, k’)k ~ (In(k*/k'?))"

Similarity to the Schroedinger equation

k / dk’K(k,K) fu(K) = ) e ( dln‘(le)) fok) = wfy(k)

n—

Characteristic function

k/dk’%(k, kK)f.(kK) = x (—i
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The frequencies v(k)
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Music analogy:
eigenfunctions are tones with modulated
frequencies



Comparison with HERA data

) Discreet Pomeron Green function
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The rate of rise A
Fy ~ (1/x)?
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The first successful pure BFKL description of the A plot.

For many years it was claimed that BFKL analysis was not applicable to
HERA data because of the observed substantial variation of . with 0’
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Figure 2: Oscillation frequencies as a function of gluon transverse momentum for various
eigenfunctions. The left-hand pane is the case of the Standard Model and the right-hand pane
is the case of N=1 SUSY above a threshold of 10 TeV. For the purpose of this comparison
it has been assumed that the infrared phases are the same in both cases.
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Backup slides

<

SU?,Fe 3‘)”19 2| k |ko(GeV)| m | A | b j
3 125.7 [ 0.555 | 0288 | -0.87 |201.2 | 10.6
6 114.1 | 0.575 0.279 -0.880 | 464.8 | 15.0
3 10 100.0 | 0.565 | 0.275 | -0.860 | 720.1 | 17.7
= 15 110.1 | 0.555 0.279 -0.860 | 882.2 | 18.6
s 30 117.8 | 0.582 0.278 -0.870 | 561.6 | 16.2
, 50 1140 [ 0.580 | 0.270 |-0.870 | 627.4 | 16.8
N 90 114.8 | 0.580 0.279 -0.870 [ 700.2 [ 17.5
0 1225 | 0.600 | 0.274 | -0.800 | 813.1 | 17.5

Table 1: Fits for N=1 SUSY at different scales. The bottom row corresponds to the Standard
Model. All fits are performed with n,q0. = 100.
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Indlrect Ev1dence for NeW Physms at the 10 TeV Scale

H. Kowalski !, L.N. Lipatov 2 and D.A. Ross 3

P

arXiv:1109.0432v1 TZ",.

94.

A bstract

We show that the supersymmetric extension of the Standard Model modifies the structure
of the low lying BFKL discrete pomeron states (DPS) which give a sizable contribution to

the gluon structure function in the HERA z and Q? region. The comparison of the gluon
density, determined within DPS with N=1 SUSY, with data favours a supersymmetry scale

of the order of 10 TeV. The DPS method described here could open a new window to the
physics beyond the Standard Model.
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aip in exclusive VM reactions
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H1 - first measurement of the longitudinal
diffractive structure function
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possible due to the excellent backward electron measurement in H1



