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Introduction

e First observation of exclusive photoproduction on (virtual) pion

> Unique for HERA (before that «, = beams did exist, but no target)
> Extends further (very powerful) VM field at HERA

q
Ve
e Key observables: R m
> xp = E,/E, (or £ =1—=xp) distribution: ~ f/,(xr) - .
> W dependence: ~ W? — nature of exchange object(s)
> t-slope of p° (b oc R? in geometric picture) 0

e Main experimental difficulty:

> Trigger (tagged vp —too large W to observe VM,;
untagged ~p — too high rates/prescales)

> Limited acceptance for forward = and IN (71.p > 6)
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e Advantages of HHQHERA?2

> Improved FNC (distinguish and measure n and ~v/#°) FTT

> Powerful fast track trigger
(allows untagged soft ~p to be collected)




Reaction of interest and the analysis phase space

V+Pp— 0Tl n
L>1T*1T

Photoproduction: Q? < 2 GeV? ({Q?) = 0.05 GeV?)
Low py: It| < 1 GeV? ({|t]) = 0.20 GeV?)
Small mass: 0.3<Mm,r<1.5 GeV (172 50)
nt, 7w~ in CT: 20 < W,, <100 GeV ((W.,) = 48 GeV)
Leading n: FE,>120 GeV; 0,<0.75 mrad

|

No hard scale present = Regge framework is most appropriate
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Contributing processes and their modelling

W,p =~ \/2(E — p2)pEp e DPP expectations: fr,,(xr,t) = 1 shape, p;  slope, b = beg(Mrn)

Wir = Wopv/1 — 2, e Diffractive bgr is well known (but has an irreducible part: My = N* — nn™)
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Background




Analysis Summary

e Data sample
> 2006 — 2007e™ runs, /s = 319 GeV, £ = 1.16 pb~! ~ 6600 events in final sample
> Trigger: {(er1) ~ 0.8, (€r2) ~ 1.0

e Tracking

> 2 tracks with p{" > 0.2 GeV, 20° < 0" <160° fitted to event vertex |z,,| <30 cm, net charge = 0
> Effective mass range: 0.6 < M., < 1.1 GeV (analysis); = o(p°) for 0.28 < M. <1.5 GeV

e FNC

> High energy neutron, E,, > 120 GeV, within good acceptance region: 8,, < 0.75 mrad
> Background fraction determined from x;, shape: Fj,, =0.36 & 0.06 (subtracted from the data)

e EXxclusivity

> Nothing above noise level in the detector except two tracks from p° decay and the leading neutron

e Cross section measurement phase space and precision

> Photoproduction: Q* < 2 GeV?, 20 < W,, < 100 GeV
> Leading neutron: 0.35 < xp < 0.95, pi, < zr - 0.69 GeV
> pY meson: 0.28 < M., < 1.5GeV, p;, <1GeV

5stat — 21% @ 6sys — 155% @ 6norm — 59% = 5tot — 166%




p-meson shape
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Analysis region: 0.6 < M +,- < 1.1 GeV extrapolated using BW to the full range: 0.28 < M, <1.5 GeV



Control Plots for basic kinematics

Exclusive photoproduction ofp’ with Forward Neutrons
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8 OPE and pion fluxes

dadt — fﬂ/p(wLat)o'w((l_wL)Wz)

do~p — j‘ttmin(wL) fw/p(mL? t)dt ° J’yﬂ'(W"Yﬂ')

dx, o(xr)

pf,n _ (l—wL)(mi—mngL)

L

where t = —

do - lo
Oy (Woyr) = - 2oand o ((War)) = f%

Fﬂ(a)L) dCBL

allowed t-range

t/GeV?




8 OPE and pion fluxes

A2, (W27 ,t
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Problem: too many different fluxes on the market

do~p — j‘ttmin(wL) fﬂ'/p(mL’ t)dt ° J’yﬂ'(W")’ﬂ')

dxy, o(xr)

= 0.6
—
where ¢ = —Pen _ 0Z2)(mn—my2r) E
ke)
(W) = —- 992 and  &5,((W,,)) = 22~ 04
O~r Y7) = Tn(xr) der Oyn Y7/ ) T [Tx
N allowed t-range
L ‘ ‘ ‘
&
= 0.2
0
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Typical examples:
2 m2—
frtp(xr,t) = %QZZN“ — mL)(mg_—ft)z exp[—Rfml_”—th] — H. Holtmann et al., Nucl. Phys. A596 (1996) 631.

2 4
Jrt/p(xL,t) = %Q%N(l — ) 2%t L exp[—R2(m?2 — t)] — B. Kopeliovich et al., Z. Phys. C73(1996) 125.

(m2—0)7




9 Pion fluxes confronted with H1 data

Make restricted selection of w-fluxes on the basis of shape comparison only
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(too soft pions ‘in the proton’) (x? = 2.1 to 5.5 for 6 points)



10 Total cross sections

Oy — Tep L Ndata — Nbgr .C
T [ fae(y,@)dydQ?  L(A-)F T

Where
Ny — diffractive dissociation bgr from MC
L — integrated luminosity
A - € — correction for detector acceptance and efficiency
F — photon flux integrated over kinematic domain 20 < W < 100 GeV, Q? < 2 GeV?
C, —numerical factor accounting for extrapolation to full p® mass range

For OPE dominated range, 0.35 < 1 < 0.95, and 20 < W,, <100 GeV, 08,, <0.75 mrad

o(yp — p’n(xw™)) = (280 = 644 £ 464y5) nb

o Oqp
% T (W) =

and for (W,,) = 22 GeV

oga(ynT — p’nT) = (2.03 £ 0.34¢x, £ 0.51104e1) b

Taking interpolated value of o (yvp — p°p) = 9.5 & 0.5 ub at corresponding energy, we obtain
/ael = 0.21 4+ 0.06 (Cf. Pror = 012 /oot = 0.32 £ 0.03 [ZEUS, 2002])



1 Total vp and ~7r cross sections

Inner error bars — statistical uncertainty Inner error bars — total experimental uncertainty

outer error bars — \/stat? + sys?2 outer error bars — \/exp? + model?

p° with Forward Neutrons
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Regge motivated power low fit W?° yields § < 0 Holtmann flux is used for the central values.
(in qualitative agreement with DPP and in contrast to MC, Conservative model uncertainty ~ 25%

dnc = 0.08 £ 0.02, which is expected from purely IP exchange)
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Differential cross sections inm
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Different energy dependence in data and MC is also reflected in  shape



B Differential cross section inp?
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B Differential cross section inp?
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Geometric interpretation: (r?) = 2b;-(hc)? ~ 2 fm? = (1.6R,)? = ultra-peripheral process



B Differential cross section inp?
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Geometric interpretation: (r?) = 2b;-(hc)? ~ 2 fm? = (1.6R,)? = ultra-peripheral process

DPP explanation: low mass wn state — large slope, high masses — less steep slope



14 Summary

B Photoproduction cross section for exclusive p® production associated with
leading neutron is measured for the first time at HERA.

W Differential cross sections for the reaction vp — p’nw™ exhibit features
typical for exclusive double peripheral process.

B The elastic photon-pion cross section, o(yw™ — p’xw™), is extracted in the
OPE approximation.



