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@ Introduction

@ Elastic Photo and Electroproduction of Vector
Mesons

o W-dependence
e Q?-dependence
e t-dependence

e Helicity studies

@ Two pion electroproduction
@ Summary
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Vector meson production

V = (p,w, ¢, /1, T+ excited states)

e Q% = —(e — €’)? photon virtuality
e W is v*p center of mass (CM) energy

et = (p — p’)?> momentum transfer squared at the proton vertex
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VDM and Regge theory
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e The photon fluctuates into a vector meson,
V, which carries the same quantum numbers
as the photon (yp — Vp)

e The vector meson scatters elastically off the
incoming proton (Vp — Vp)
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VDM and Regge theory

Predictions :

° da(vgt—Np) . e—bt(wZ/WOZ)Z(a(O)—l)

Experimental observations :
@ a(t) = a(0) +a't
@ «(0)=1.096+0.003 a'=0.25
(DL — Donnachie, Landshoff parameterisation)
@ Shrinkage of the diffractive peak
b(W) = by +4a’ In(W/Wy) by ~ 10 GeV~—?
@ Weak energy dependence of cross section
oo W2, 0~0.2
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pQCD models

q
/\XEW\QiV
A
1 1
1 1
P l l P

o the photon fluctuates into a qQ state
o the gq pair scatters off the proton target
@ the scattered qq pair turns into a vector meson.

Predictions :

o o o "2 |xG(x, Q)1

¢ fast increase of the v*p — Vp cross section with
energy W

@ universal exponential t dependence,

b~4-5GeV 2 — o —07
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Elastic Photoproduction vp — J/Wp

Elastic J/y Photoproduction
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@ cross section W dependence, o ~ W?:
6= 0.814+0.08, (ZEUS: § = 0.69 + 0.02 4+ 0.03)
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Elastic Photoproduction vp — Tp
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@ cross section W dependence, o ~ W?:
@ two measured points = 1.2+0.8
@ consistent with theoretical prediction, o~ 1.7
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Elastic Photoproduction
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e process becomes hard as scale (mass)
becomes larger, (Mjy/Mqy)? ~ 10!
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Elastic Electroproduction v*'p — p(¢)p
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@ cross section W dependence becomes steeper at
high Q?, measured by H1 for p and ® mesons
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Elastic Electroproduction v*p — pp
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@ Cross section W dependence becomes steeper at

high Q2
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Elastic Electroproduction v*p — pp
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o Soft physics predicts for energy
dependence § ~ 0.2
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Elastic Electroproduction v*p — J/V¥p

e cross section for J/ W production as a
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Elastic Electroproduction: ¢ ~ W9(Q)
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@ process becomes hard as scale ( p? = (Q? + M?)/4)
becomes larger
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Q? dependence: v'p — p(¢)p
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o H1/ZEUS: perfect agreement
o fit: o oc (Q%+M?)™" = o ox UL xG(x, Q%)
@ Q%2 >0 GeV?, n ~2.00 £+ 0.01, y?/ndf ~ 10

@ Q2 >10 GeV?, n ~ 254+0.02, »?ndf ~1.5
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Q? dependence:

W,,= 90 GeV
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@ H1/ZEUS: perfect agreement
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@ Q? >0 GeV?, n=2.48640.08+0.068
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@ do/d|t| ~ exp(—blt|) for different bins of Q?
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@ do/d|t| ~ exp(—blt|) for different bins of Q?
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Elastic J /W photoproduction

Elastic J/y Photoproduction

Elastic J/y Photopi
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o H1 data:

@ /s=318GeV — b =577+ 0.19 Gev?
@ /s =225GeV — b =4.75+ 0.50 Gev?
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ZEUS
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T meson - t dependence

ZEUS

_ e dN/d|t| distribution

"’% | for events in the mass range (9.33-9.66) GeV:
L] 1 n

% 102 o ZRUS (prel)deipyT | g Y (15) signal and BH background

g _ i:g%ﬁ% }e]‘?sst;)c) 1 normalisation fixed from mass fit

° e @ T (15) signal splited between

-
o

elastic and pdiss (75:25) (syst.)
@ 7(15) slope bpgiss = 0.65 GeV 2 (syst.)
= @ BH shape is treated as well known (syst.)

@ binned maximum log-likelihood fit

10005 115 225 3 35 4 455 to extract the elastic b slope parameter

21/37



T meson - t dependence
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@ measurement of the t-slope b for T(1S) meson doubles
the scale Q2 + M? explored by previous studies

@ T(1S) elastic PHP: b = 4.3177 + 0.5 GeV~2
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Helicity Studies

(y* p center-of-mass frame )
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Angular distribution = 3 angles (6, ¢n and $,) and
15 combinations of spin-density matrix elements
ri}" — helicity amplitudes T,
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Helicity Studies

@ s-channel helicity conservation (SCHC)
® 1 —pT
o Y — L
@ single flip, double flip amplitudes equal zero

@ natural parity exchange (P = (—1)’) in the
t-channel (NPE)
@ 5 non-zero spin-density matrix elements
@ 15 parameters fit to total angular distribution
@ r3, ~ single-flip amplitude, 3 — p.
@ r5, deviates from zero !
@ r3, = 0.095+ 0.019 + 0.024 (ZEUS) and
re, = 0.093 + 0.024131° (H1)
@ if SCHC holds — R = o /o1 =18} /e(1 — 1)
o ifnot: 18 —r8 — A% Aocriy/\/2r8

@ R(SCHC) - R(SCHNC) ~ 3 %
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Helicity Studies: Q2-dependence

p production
® H1
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GK
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Helicity Studies: o /o
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o fitto ZEUS only: R = o /o1 = £(Q?/M?)~
@ {=074+0.04 and x = 0.56 + 0.03
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Helicity Studies: o /o

VM production
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Helicity Studies: o, and ot
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Helicity Studies: W dependence
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® o, and o7 have the same W and [t| dependencies
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Helicity Studies:

p production p production
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pion form factor

Y 4+p—2r+p= 04 <M, <25GeV
dN/dM, = A[|Fx(Mzr) 2 + B(M,/Myr)"]
F:(Myr) is the pion electro-magnetic form factor

BW (p)+8BW (o' )+vBW (p"
Fr(Mpy) = (p) 1+,(6p+)«, YBW (o)

known as Kuhn-Santamaria parametrization
BW — Breit Wigner amplitude

M2
BW(My) =

v
2
2 —MZ—My Ty

£ and v are relative amplitudes
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Main fit: 3 vector resonances - p, p’ and p”
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@ red line — |F7T(Mm)|2, squared pion form factor
@ blue line —  background
@ black line — total fit
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ZEUS (prel) vs PDG

Par. ZEUS(prel) PDG

M, 771+ 217 775.49+0.34
r, 155 +5+2 149.4+1
M, 1360 = 2075 146525
My 460 + 30150 400460

B3 | —0.27£0.02£0.02

M, 1770 + 20153 1720+20
[ 310 + 3073 2504100
v 0.10 +0.027507

Table 1: Fit parameters obtained using F. (M)
parametrization. Masses and widths are in MeV.

@ sign of amplitudes — (+ — +) likeete™ — ntn~
@ a destructive interference in range ~ 1.6 GeV
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The Q? dependence
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Results of the mass fit for different ranges of Q2:
a)2 +5;b)5 = 10 and c) 10 + 80 GeV?.
Masses and widths are fixed to values given in Table 1.

@ |3| increases with Q2 while v — Q2 independent
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o' /p p"/p as function of Q?
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@ Q2bins: 2=+5 5=10; 10+ 80 GeV?
@ the ratio p'/p means o(p') - Br(p' — wn)/o(p)
@ ,'/p increases with Q2 while p” /p - constant
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H1, ZEUS based on HERA data show:

@ Vector Meson production cross sections rise with
energy if a hard scale, Q2 or M?, is present.

@ The exponential slope of the t distribution decreases
with Q2 4+ M? and levels off at b ~ 4-5 GeV~—?

@ Theratio, o /oT, increases with Q2?, butis independent
of W

@ Two pion mass distribution, 0.4 < M., < 2.5 GeV, is
well described by the pion electromagnetic form factor
which includes three resonances, p, p/ and p”

@ '/p — increases with Q? while p”/p — Q? independent
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