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QUM HERA accelerator

HERA

HERA - ep collider (1991-2007),
HERA-I in < 2000, afterwards: HERA-II
located at DESY, Hamburg
E. = 27.5 GeV
E, = 820 GeV (95p-97p): 42 pb~*

920 GeV (98e-07p): 455 pb~!

H1 and ZEUS: colliding beams experiments with similar physics analysis program.

luminosity collected: = 0.5fb™ ! per experiment
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(ULl Exclusive diffraction

Exclusive diffraction

Diffractive system:
o vector mesons (J7C =177, p, ¢, J/2, T)
@ photon (DVCS)

Kinematics: M2, Q% W, It

Q? - photon virtuality,
M3 - vector meson mass squared,
Exclusive process kinematics.

W - invariant mass of the «yp system,
W? = 2E,(E — p;)v, Ep = 920 GeV.

|t| - 4-momentum transfer at the proton vertex,
|t| = |P" — P> =~ p%, (approx. true, if p%. <1 GeV?).

Igor Rubinskiy (DESY) Vector meson production and DVCS September 12, 2009 4 /30



(ULl Exclusive diffraction

Exclusive diffraction

Diffractive system:
e vector mesons (J7C =177, p, ¢, J/2, T)
@ photon (DVCS)

Kinematics: M2, Q% W, It

In pQCD sensitive to gluons in the proton via:
W - gluon longitudinal momentum in the proton

q vy W ~ 1/x, in general x1 # x> (skewed gluons)
iop do —b|t|
X, x> The cross section = ~ € ,

b - transverse distribution of the gluons in the

Exclusive process kinematics M, and Q7 - set the scale at which
and pQCD representation the W and |t| are probed.
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WaceRendence
W-dependence

Cross secuon (40)
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o~ W?, § rises with MY from "soft” (§ = 0.22) to "hard” (& =~ 1.0)

new measurement of T meson (My = 9.46 GeV), § = 1.2 + 0.8

@ Y: sensitive to vector meson wave function: seems to prefer Gauss to Coulomb,

@ Y: sensitive to hard scale value: NRQCD NLO scale is between 1.3 < o < 7 GeV,

e Y: pQCD models W-slope: FMS LO (6=1.7), other NLO give value § ~1.2
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[VEEETTE I INEET S \W-dependence

W-dependence, (light VM: p, ¢)
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[VEEETTE I INEET S \W-dependence

W-dependence
heavy VM: J/4
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J/¢ and DVCS,
o~ W‘S,

§ - flat with Q?
the process is already "hard”
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W-dependence
W-dependence summary PHP-DIS

consistent within pQCD

o experiment gives o ~ W?°

w 2

e p2eusosdodops | xlawnil ] @ two gluon exchange:
l 8 [ A pZEUS9% ¢ DVCSH196-00 | 2712
© 1 v pzEUSSS A DVCSHIHERAII 1 o ~ as|xg(x, Q)|
16 ™ ¢zEUS 1 ’
UL x JhyZEUS ] @ at low x: FQ(X, Q )N
[ O DVCSZEUS9:-00 |
14 [+ DVCSZEUS (28pbY) ] xg(x, Q2) ~ x_>‘(Q2)
12} ] and W2 ~ 1/x
17 ] @ 50, § ~ 4A(Q?)
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@it
Q2-dependence, o ~ (Q* + M2)~"
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H1/ZEUS: very good agreement
o @*> 0 GeV?, n~2.0040.01, x?/ndf ~ 10 (n # const)
o @*> 10 GeV?, n=2.5040.02, x?/ndf ~ 1.5
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@it
Q2-dependence, o ~ (Q* + M2)~"
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H1/ZEUS: perfect agreement
o J/1) n=2.49+0.08
e DV(CS n=1.5440.06

measurements agree well with pQCD calculations
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[EEENENN FTCTIE | £ |-dependence

|t|-dependence

do  e7Plt ) |t] <2 GeV?

. - H1p and ¢ electr i imi
b - sensitive to the transverse size 14 pandeclectop {preliminary)
. . B o
of the interaction region S ep—pp ep—op
[ @ H1HERA-1prel. A H1HERA- prel.
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. 10 | * ]
transverse size: % zEUS
b=by+b pvcs
P by 8 1 v H 7
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bp 2 | .
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fem ~ 0.8 fm
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(VEEETEN TN FECTE  Helicity angles study (p/ @)

Helicity angles analysis, R = o, /o1

(¥* p center-of-mass frame )
L \0
e t
e/~ o /0
Scattering Plane‘ po .
(Dh Production Plane

A
Decay Plane  TU

o Study angular distributions: 3 angles (6, ¢n, Pn)
@ 15 combination of spin-density matrix elements, r,f’
@ s-channel helicity conservation SCHC

° VF —PT
° v —hL
e if SCHC holds — R = aL/aT =l /e(1 - rgg)
@ equivalent to fitting cosfp: dcose ~1— 18+ (3% — 1)cos®0,
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(VEEETEN TN FECTE  Helicity angles study (p/ @)

Helicity angles study, R =0, /oT
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(it e iy ((2/6)
_ _ 2 2
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a8y enElles sy (12 )
R=or/or = f(|t]), =f(W)

and R does not depend on W and |t| !!

|t|-distributions are most sensitive to differences in interaction 'size’

— conclusion "small size configurations dominate at high Q2/MV

— one must better understand all mechanisms of "transversity” in V1
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ez Qizre Ay (PYED)
DVCS: Beam Charge Asymmetry, 1/2

DVCS — Deeply Virtual Compton Scattering BH — Bethe-Heitler
€ - .
¥ PR VIV
" . ) ) Y
—> € ,Y
p p Y
p. PP p

+ for beam lepton charge (+)

- for beam lepton charge (-

o' —o~ ~ Re(Interference.Term)

BCA:g:p1 *cos@)+... , p, ~ GPD
o +o
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ez Qizre Ay (PYED)
DVCS: Beam Charge Asymmetry, 2/2

e H1HERAII (prelim.)

= 0.16 cos ¢
----- GPDs model

H1 preliminary
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predictions based on GPDs describe the data well
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[VEEEENTN FECTIEN  High || measurements

|t| > 2 GeV ~2, reaction with proton dissociation

@ also an "exclusive” process
o hard scale is given by high |t

@ good test playground for
BFKL and DGLAP
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iz lReesTisnents
|t| dependence is no longer an exponential

ZEUS
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do 40 r W= 81GeV NN 1
dlt] F z>095 ]
en=-194012<[t|<4GeV? 10 lliubibidiiiiniii,
2 4 6 8 10 12 14 16 18 20
on=-30+01,4<|t| <16 GeV~? It] (GeV?)
o EMP LL - BFKL (E.Gotsman, E.Levin, U. Maor, E. Naftali)
@ GLMN LL - DGLAP (R.Enberg, L. Motyka, G. Poludniowski)
@ FSZ - (L. Frankfurt, M.Strikman, M. Zhalov)
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(D (4] ez et
W-dependence very sensitive to models
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[VEEEENTN FECTIEN  High || measurements

W-dependence very sensitive to models
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(VEEETENT FECTIEM  High || measurements

Effective Pomeron trajectory
H1 PRELIMINARY

= 115
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o a(0) = 1.084 +0.031/5% o a(0) = 1.087 £ 0.003 + 0.003
o o/ =—0.014 4 0.007 %% GeV 2 e o/ =0.126 +0.013 +- 0.012 GeV >

differ from Donnachie-Landschof (DL):
o a(t) = 1.08 + 0.25¢
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Summary and Outlook

Summary

o HERA provides large amount of unique data
e production of various particle types in differing kinematic regions
e can study an interplay of different scales in one experiment
o lots of new measurements
o W, |t Q2?, I\/l\2/ - follow pQCD model predictions
o ...but not exactly
o still to be better understood:

e the ratio, R = o/ /o1, requires precise understanding of mechanisms which produce
transversity v3 = pt
e new measurements of diffractive reactions at high |t|,
@ pQCD models are not able to describe all features of the data

o effective Pomeron trajectory is different from DL "soft” IPomeron and exibits a non
linear behaviour
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ZEUS:

Exclusive Photoproduction of Upsilon Mesons at HERA
DESY-09-036 (March 2009)

Leading Proton Production in Deep Inelastic Scattering at HERA
DESY-08-176 (December 2008)

Deep Inelastic Scattering with Leading Protons or Large Rapidity Gaps at HERA
DESY-08-175 (December 2008)

A Measurement of the Q2, W and t Dependences of Deeply Virtual Compton
Scattering at HERA
DESY-08-132 (December 2008)

Deep inelastic inclusive and diffractive scattering at Q2 values from 25 to 320 GeV/2
with the ZEUS forward plug calorimeter
DESY-08-011 (February 2008)

Diffractive photoproduction of dijets in ep collisions at HERA
DESY-07-161 (September 2007)

Dijet production in diffractive deep inelastic scattering at HERA
DESY-07-126 (August 2007)

Exclusive p° production in deep inelastic scattering at HERA
DESY-07-118 (August 2007)

Diffractive photoproduction of Dstar(2010) at HERA
DESY-07-039 (March 2007)
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H1:

Inclusive Photoproduction of p°, K** and ¢ Mesons at HERA
DESY-08-172

Measurement of Deeply Virtual Compton Scattering and its t-dependence at
HERA
DESY-07-142

Dijet Cross Sections and Parton Densities in Diffractive DIS at HERA
DESY-07-115

Tests of QCD Factorisation in the Diffractive Production of Dijets in
Deep-Inelastic Scattering and Photoproduction at HERA
DESY-07-018

Diffractive Open Charm Production in Deep-Inelastic Scattering and
Photoproduction at HERA
DESY-06-164

Measurement and QCD Analysis of the Diffractive Deep-Inelastic Scattering
Cross Section at HERA
DESY-06-049

Diffractive Deep-Inelastic Scattering with a Leading Proton at HERA
DESY-06-048
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ep collisions: Diffraction (in general ep— eXY)

...and also:

My = invariant mass of
diffractively produced system

My = invariant mass of

proton remnant system

My = m, -proton stays intact,
need special detector setup to detect protons
— H1 FPS, ZEUS LPS
My > m,, -proton dissociates,
— the background to be understood and disantangled.
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Backup

Helicity angles study, R =0, /oT

s-channel helicity conservation (SCHC)
natural parity exchange (P = (—1)’) in the
t-channel (NPE)

5 non-zero spin-density matrix elements

15 parameters fit to total angular distribution
rso deviates from zero !

rso = 0.095 +0.019 + 0.024 (ZEUS) and

réo = 0.093 £ 0.02470 1 (H1)

reo ~ single-flip amplitude, 7% — p;

if SCHC holds — R =0 /o1 = rly/e(1 — 1)
if not — r§% — 1% — A%, Aocrl//2r%
R(SCHC) - R(SCHNC) ~ 3 %
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t-slope with ZEUS LPS DVCS

H1 p and ¢@electroproduction (preliminary)
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¥ ZEUS 1

.| g ”» S
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