
Diffraction 2014

International Workshop on Diffraction in High-Energy Physics
10-16 September 2014, Primošten Croatia
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� Inclusive forward γ, n production in DIS and test of Feynman scaling

� Exclusive ρ0 photoproduction with leading neutron (γp → ρ0nπ+)



2 Motivation and Challenges

• Extreme forward region in particle collisions is still poorly understood
⊲ Theory: No (or few) firm predictions from first principles

⊲ Experiment: Difficult to measure due to detector acceptance limitations

• Important for correct analysis of (ultra-high energy) Cosmic Rays
⊲ Two pieces of the puzzle:

– Sources/Propagation (prime interest)
– Interaction/Detection (extensive air shower)

⊲ To understand the former one needs good MC models for the latter

(Ralf Ulrich, PANIC-2014)



2 Motivation and Challenges

• Extreme forward region in particle collisions is still poorly understood
⊲ Theory: No (or few) firm predictions from first principles

⊲ Experiment: Difficult to measure due to detector acceptance limitations

• Important for correct analysis of (ultra-high energy) Cosmic Rays
⊲ Two pieces of the puzzle:

– Sources/Propagation (prime interest)
– Interaction/Detection (extensive air shower)

⊲ To understand the former one needs good MC models for the latter

• Current situation (from PANIC summary):
⊲ Recent LHC data are very valuable for CR MC tuning but still no fully consistent picture yet

⊲ UHECR data becomes more precise and require also better precision of hadronic interaction modelling

• Specifics of HERA
⊲ Additional constraints for different kinematical regimes wrt hadron colliders (smaller collision energy can

be ”compensated” by studying scaling properties and transporting the measurements to higher energies)

⊲ Some observables are unique (e.g. possible extraction of γπ cross sections)



3 Key Experimental Ingredients

Improved H1 FNC (distinguish (〈P 〉 = 98%) and measure n and γ/π0)
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4 Inclusive forward γ, n production in DIS

e+ p  +  e+ )(nγ X
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Data MC models
L = 131 pb−1,

√
s = 319 GeV

6 < Q2 < 100 GeV2

70 < W < 245 GeV

ηlab > 7.9, xF = 2p∗
||/W > 0.1

γ : 83000 ev. n : 230000 ev.

DIS: LEPTO/CDM (γ, n)

RAPGAP-π (n)

CR: EPOS LHC

SYBILL 2.1

QGSJET (3 versions)



5 W dependence
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• (γ, n) yields are

independent on W

• DIS MC overestimate

photon rate by ∼ 70%

and describe neutrons

• CR MC overestimate

photon rate by 30−40%

EPOS LHC is best for n



6 xF spectra vs DIS MC models
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7 xF spectra vs CR MC models
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• None of the models describes simultaneousely γ and n

• EPOS LHC gives best shape description for γ and resonable for n



8 Testing Feynman scaling hypothesis
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• Data are consistent with Feynman scaling for both photons and neutrons

• CR models violate Feynman scaling for photons
and (with exception of SYBILL) are consistent with Feynman scaling for neutrons



9 Summary (1)

� Inclusive production of very forward (ηlab > 7.9) photons and neutrons has
been studied at HERA in DIS regime.

� The measured cross sections as a function of xF confirm the validity of
Feynman scaling in the energy range 70 < W < 245 GeV.

� All MC models overestimate photon yield by 30 − 70%.
The best description of xF distributions gives EPOS LHC model.

� None of the existing models (both for DIS and CR) describes the photon
and neutron data simultaneousely well.



10 Exclusiveρ0 photoproduction with leading neutron

ρ 0 
+  p  

π π+ −

+πγ* n

.

Photoproduction: Q2 < 2 GeV2 (〈Q2〉 = 0.05 GeV2)

Low pt: |t| < 1 GeV2 (〈|t|〉 = 0.20 GeV2)

Small mass: 0.3<mππ <1.5 GeV (mρ0)

π+, π− in CT: 20<Wγp <100 GeV (〈Wγp〉 = 48 GeV)

Leading n: En >120 GeV; θn <0.75 mrad

No hard scale present ⇒ Regge framework is most appropriate



11 Contributing processes and their modelling

W

W

γ

π
+

π+

π−

0

π+γ

γ
π

p PI

np

ρ γ
π−

π+0

p

PI

M Y

n

ρ

xL≃En/Ep

(1 − xL)

Pompyt × Pythia6
(π-flux) (elastic γπ → ρ0π)

DiffVM
(elastic, p-diss, γ-diss, double diss)
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• DPP expectations: fπ/p(xL, t) ⇒ xL shape, p2
t,ρ slope, b = beff(MπN)

• Diffractive bgr is well known (but has an irreducible part: MY = N⋆ → nπ+)



12 Analysis Summary

• Data sample

⊲ 2006 − 2007e+ runs,
√

s = 319 GeV, L = 1.16 pb−1 ≃ 6600 events in final sample

⊲ Trigger: 〈ǫL1〉 ≃ 0.8, 〈ǫL2〉 ≃ 1.0

• Tracking

⊲ 2 tracks with ptr
t >0.2 GeV, 20o <θtr <160o fitted to event vertex |zvx|<30 cm, net charge = 0

⊲ Effective mass range: 0.6<Mππ <1.1 GeV (analysis); ⇒ σ(ρ0) for 0.28<Mππ <1.5 GeV

• FNC
⊲ High energy neutron, En > 120 GeV, within good acceptance region: θn < 0.75 mrad

⊲ Background fraction determined from xL shape: Fbg =0.36 ± 0.06 (subtracted from the data)

• Exclusivity
⊲ Nothing above noise level in the detector except two tracks from ρ0 decay and the leading neutron

• Cross section measurement phase space and precision
⊲ Photoproduction: Q2 < 2 GeV2, 20 < Wγp < 100 GeV

⊲ Leading neutron: 0.35 < xL < 0.95, pt,n < xL · 0.69 GeV

⊲ ρ0 meson: 0.28 < Mππ < 1.5 GeV, pt,ρ < 1 GeV

δstat = 2.1% ⊕ δsys = 15.5% ⊕ δnorm = 5.9% ⇒ δtot = 16.6%



13 ρ-meson shape
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14 Control Plots for basic kinematics

Exclusive photoproduction of ρ0 with Forward Neutrons
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15 OPE and pion fluxes

d2σγp(W 2,xL,t)

dxLdt
= fπ/p(xL, t)σγπ((1−xL)W 2)

dσγp
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=

∫ tmin(xL)

t0(xL) fπ/p(xL, t)dt · σγπ(Wγπ)
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15 OPE and pion fluxes
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] – H. Holtmann et al., Nucl. Phys. A596 (1996) 631.
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pπN
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(1 − xL)1−2α′

πt −t
(m2

π−t)2
exp[−R2
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π − t)] – B. Kopeliovich et al., Z. Phys. C73 (1996) 125.



16 Pion fluxes confronted with H1 data

Make restricted selection of π-fluxes on the basis of shape comparison only
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Example of fluxes excluded by the data

(too soft pions ‘in the proton’)

Fluxes compatible with H1 data

(χ2 = 2.1 to 5.5 for 6 points)



17 Total cross sections

σγp =
σep

∫

fγ/e(y, Q2)dydQ2
=

Ndata − Nbgr

L(A · ǫ)F
· Cρ

Where
Nbgr – diffractive dissociation bgr from MC
L – integrated luminosity
A · ǫ – correction for detector acceptance and efficiency
F – photon flux integrated over kinematic domain 20 < W < 100 GeV, Q2 < 2 GeV2

Cρ – numerical factor accounting for extrapolation to full ρ0 mass range

For OPE dominated range, 0.35<xL <0.95, and 20<Wγp <100 GeV, θn <0.75 mrad

σ(γp → ρ0n(π+)) = (280 ± 6stat ± 46sys) nb

σγπ(〈Wγπ〉) =
σγp

∫

fπ+/p(xL, t)dxLdt
,

and for 〈Wγπ〉 = 22 GeV

σel(γπ+ → ρ0π+) = (2.03 ± 0.34exp ± 0.51model) µb

Taking interpolated value of σ(γp → ρ0p) = 9.5 ± 0.5 µb at corresponding energy, we obtain

rel = σel
γπ/σel

γp = 0.21 ± 0.06 (cf. rtot = σtot
γπ /σtot

γp = 0.32 ± 0.03 [ZEUS, 2002])

γp

γπ



18 Total γp and γπ cross sections

Inner error bars – statistical uncertainty

outer error bars –
√

stat2 + sys2

Inner error bars – total experimental uncertainty

outer error bars –
√

exp2 + model2
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Regge motivated power low fit W δ yields δ < 0

(in qualitative agreement with DPP and in contrast to MC,
δMC = 0.08 ± 0.02, which is expected from purely IP exchange)

Holtmann flux is used for the central values.

Conservative model uncertainty ∼ 25%



19 Differential cross section inp2
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Geometric interpretation: 〈r2〉 = 2b1·(~c)2 ≃ 2 fm2 ⇒ (1.6Rp)
2 ⇒ ultra-peripheral process
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Geometric interpretation: 〈r2〉 = 2b1·(~c)2 ≃ 2 fm2 ⇒ (1.6Rp)
2 ⇒ ultra-peripheral process

DPP explanation: low mass π+n state → large slope, high masses → less steep slope



20 Summary (2)

� Photoproduction cross section for exclusive ρ0 production associated with
leading neutron is measured for the first time at HERA.

� Differential cross sections for the reaction γp → ρ0nπ+ exhibit features
typical for exclusive double peripheral process.

� The elastic photon-pion cross section, σ(γπ+ → ρ0π+), is extracted in the
OPE approximation.


