Alice Valkárová - Symmetries and Spin 18.July, 2002

Deeply virtual Compton Scattering at HERA

Alice Valkárová

Institute of Particle and Nuclear Physics, Charles University of Prague

representing H1 Collaboration

Symmetries and Spin Praha, 14–27 July , 2002

Alice Valkárová - Symmetries and Spin 18.July, 2002

Alice Valkárová - Symmetries and Spin 18.July, 2002

Alice Valkárová - Symmetries and Spin 18.July, 2002

H1 DETECTOR

Alice Valkárová - Symmetries and Spin 18.July, 2002

Deeply virtual Compton scattering

diffractive scattering of a virtual photon off a proton

e^+ + p → e^+ + γ + p

DVCS competes with purely electromagnetic Bethe–Heitler process (completely calculable) σ^{DV CS} << σ^{QED}

Alice Valkárová - Symmetries and Spin 18.July, 2002

modeled as

Alice Valkárová - Symmetries and Spin 18.July, 2002

Investigating DVCS is challenging

• e^+ typically scatters at low angles

→ no tracks in the event (no vertex!) → kinematics poorly reconstructed • low γ energy in central region, 1< E_γ <5 GeV → energy resolution is poor • scattered proton is not observed

→ only e^+ and γ in the final state • σ^{DV CS} << σ^{QED}

• large Q^2, large W and small t • HERA: wide range in Q^2 and W accessible

Alice Valkárová - Symmetries and Spin 18.July, 2002

Why is DVCS interesting?

Generalised (Skewed) Parton Distributions

• Generalisations of the usual pdf’s for non-forward scattering • A probe for correlations in the parton distributions

Interference Term

• Interference of QCD amplitude with QED amplitude • Allows for measurement of real part of a QCD amplitude

Alice Valkárová - Symmetries and Spin 18.July, 2002

Vector meson production at HERA

For calculation of cross sections → skewed (generalised) parton distributions GPD (see talk of Oleg Terayev).

Important for high Q^2 or high vector meson masses!!!

Υ production at HERA

Predictions MRT and FMS use the generalised parton distributions (GPD).

Predictions without GPD are too low.

Alice Valkárová - Symmetries and Spin 18.July, 2002

DVCS and vector meson production

Vector meson production:

• → VM wave function

• GPDs appear quadratically in the cross section – no possibility to extract them

DVCS:

• → point–like coupling of the final state photon to the quark

• GPDs appear linearly in the interference term with BH – possible to extract them

Alice Valkárová - Symmetries and Spin 18.July, 2002

QCD – based model predictions at low –x

Predictions of Frankfurt,Freund and Strikman (Phys.Rev.D58 (1998) 114001) used as input to MC generator and Donnachie and Dosch (Phys.Lett.B502 (2001) 74)

Alice Valkárová - Symmetries and Spin 18.July, 2002

ϕ_r and t are difficult to measure!!

ϕ_r = ϕ^′_e − ϕ^′_p Scattered proton is not observed. t=(p − p^′ )^2 ∼ −p^{′2}_T Resolution on e^′_T and γ^′_T is poor −→ difficult to measure p^′_T well, thus ϕ^′_p −→ measurement of ϕ_r and GPD is longer term goal

So far, focus has been on detecting DVCS in data.

cos ϕ_r term integrates to zero since scattered proton is not observed, so need only consider DVCS+QEDC (no interference term).

Alice Valkárová - Symmetries and Spin 18.July, 2002

Alice Valkárová - Symmetries and Spin 18.July, 2002

Main selection requirements

• One electromagn.cluster in LAr with p_T > 1 GeV • One electromagn.cluster in SpaCAL with E > 15 GeV • No other cluster with E >0.5 GeV • No track or one track must point to cluster • 2 < Q^2 < 20 GeV^2 • 30< W <120 GeV • (-1.15< η_{LAr} <1.5)

• Control sample: – Dominated by Bethe–Heitler events – reference sample to monitor the detector performance and its simulation.

Photon candidate in SpaCAL calorimeter and positron candidate (track!) in LAr calorimeter. DVCS is negligible!

• Enriched DVCS sample: Photon candidate in LAr and the positron candidate in SpaCAL.

Cross sections DVCS and BH have similar magnitude.

’97 e^+p data, 8 pb^{−1}

• 338 e^+ candidates (control sample) • 172 γ candidates (enriched DVCS sample)

Alice Valkárová - Symmetries and Spin 18.July, 2002

Monte Carlo samples

• DVCS Monte Carlo model – Frankfurt,Freund and Strikman (Phys.Rev.D58 (1998) 114001) contains DVCS, BH and their interference.

• COMPTON – Bethe–Heitler events

for background

• DIFFVM – background, diffractive vector meson events (ρ → π^+π^−, ω → π^0γ, ϕ → K^0_S K^0_L, K^0_S → π^0π^0)

• GRAPE – di–lepton production, (e^+p → e^+e^−e^+p) background

Cross section definition:

2 < Q^2 < 20 GeV^2 30< W <120 GeV |t| < 1 GeV^2

Alice Valkárová - Symmetries and Spin 18.July, 2002

Control sample Enriched DVCS sample

Alice Valkárová - Symmetries and Spin 18.July, 2002

Alice Valkárová - Symmetries and Spin 18.July, 2002

Corrections for detector effects

Alice Valkárová - Symmetries and Spin 18.July, 2002

Alice Valkárová - Symmetries and Spin 18.July, 2002

H1 cross section measurement

Clear excess above QED Compton prediction

Alice Valkárová - Symmetries and Spin 18.July, 2002

DVCS model calculations

Frankfurt, Freund and Strikman - FFS (Phys.Rev.D58 (1998) 114001) Donnachie and Dosch – DD (Phys.Lett.B502 (2001) 74).

Both contain soft and hard contributions and exponential t–dependence: e^{−b|t|}

FFS • soft contribution: aligned jet model • hard contribution: perturbative QCD DD • soft contribution: reggeon and soft pomeron exchange • hard contribution: dipole model, parameters from pp and γ^∗p measurements

Alice Valkárová - Symmetries and Spin 18.July, 2002

H1 cross section measurement

bands → model variation of t–slope 5< b < 9 GeV^{−2}.

Cross sections in general agreement with QCD prediction

Alice Valkárová - Symmetries and Spin 18.July, 2002

PROSPECTS FOR THE FUTURE

Increase of Luminosity: 1 fb^{−1} so far:

H1: ∼ 8 pb^{−1} ZEUS: ∼ 40 pb^{−1}

for HERA II polarized beams of electrons (positrons)

New and upgraded detectors:

VFPS (Very Forward Proton Spectrometer) :

t measured at small W The upgraded BST:

precise measurement of θ_e, ϕ_e z_{vertex} → θ_γ

Improvement of systematic errors!!

Alice Valkárová - Symmetries and Spin 18.July, 2002

SUMMARY AND OUTLOOK

• Excess of photons over the QED Compton expectation clearly established • Event distributions of excess are inconsistent with QED Compton but generally consistent with deeply virtual Compton scattering • QED background subtracted and DVCS cross section measured • DVCS theoretical predictions generally reproduce measurement • DVCS analysis is just beginning. HERA II promises ∼ 1 fb^{−1} in 5 years, H1 – new forward proton spectrometer • Future measurements will focus on

t–distribution, interference term and generalised parton distributions