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H1 Detector

Asymmetric detector due to unequal beam eneraies (27.6 GeV e’m920 GeV p’s)

Main Components (2000):

e Tracking provided by 2 concentric
drift chambers (CJC1 and 2)

e LAr calorimeter with lead (EM)

or steel (Had) showering plates

e |nstrumented iron (CMD) & drift
chambers (FMD) to detect u's

e Taggers for low () physicsat ¢~

8, 33 and 44 m in e direction
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Diffractive Vector Meson Production at HERA

Elastic Dissociative

p
Proton dissociation dominates at large ||
Q? Virtuality of the v* ~ 0 < Q? < 100 GeV?
Wap CoM energy of the yp system 20 < W, <290 GeV
Fraction of F, taken by v(*) ~0<y= W,f,p/s < 0.84

Y
t (4 momentum transfer at the p vertex)? ~ 0 < |t| < 30 GeV?
V Vector meson PV w, @, T/, (2s), T(1s)

—> Simultaneous probe of several different kinematical quantities
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Perturbative QCD
Calculations require hard scale = possibilities are: M‘% Q2 t|

Lowest Order Exchange Higher Order Exchange

Effective
Diagram

e

1. Photon fluctuates into ¢q pair Evolution: a. DGLAP = ) o log" (Q?)

2. Lowest order exchange = 2 gluons b. BFKL = > ayglog™(1/x)

3. Meson wavefunction is needed to form /' = Effective gluon ladder (“QCD Pomeron”)

High || vector mesons = ideal place to study BFKL dynamics
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High |t| Vector Meson Photoproduction

Two prong vector meson decay signature

= reconstruct |t| from Py of tracks

Typically energy deposits in fwd direction

Incoming e scattered through small angle

—> Not in main detectors (can be tagged)

= Clean experimental signature! _
vp — pY candidate

E
o
o

e H1 Data
[t] > 2GeV?

[0y Non-resonant background at large |t/ is small
7 ves)

= o Small contribution from 1(2s) vector meson

Eventg / 50 MeV
o
o

= Backgrounds at large |t| are small!

3.5
M o [ GeV ]
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Heavy J/1) Photoproduction at High ||

J/ — pTp~ using £ = 78 pb~ 1 with @* < 1 GeV? (untagged)

|| dependence:

[EEY
o

Data H1

BFKL LL (fixed a,)
BFKL LL + NL (fixed a,)
BFKL LL + NL (running a,)
DGLAP LL

Probes region |t| > M3/¢ for the first time

[EEY

Large |¢| dependence: 42 ~ |¢| ™

= Ny & 3.00 for |t| > 3.5 GeV?

[
[N
T T LIS R

do(yp — J/WY)/dt [nb/GeV?]

Fixed g BFKL models well describe the data

But prescription for running s = steeper ||

DGLAP describes data where valid (|t| < M)

It| [GeV?]
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Helicity Studies: Testing the Meson WF

Perform a boost into yp CoM frame => can measure angular decay distributions (6™, ¢* & P)

Extracting “spin density matrix elements” (SDMEs) = provides a test of vector meson WF!

J -
/ Meson Decay Plane
b

L epton Meson
Scattering Production
Plane Plane

Helicity = component }n_

of spin along direction P Decay in Meson

of the particle’s motion Rest Frame

Heavy J / 1) consistent with SCHC => Simple meson WF assumptions appear satisfactory

Lighter p violates SCHC (s channel helicity conservation) = more complicated WF needed?

High || Diffractive Photoproduction of p Mesons Page 7



Carl Gwilliam, Manchester University, loP Conference 2004

Light Vector Meson Photoproduction at High |¢|

ZEUS have measured p & ¢ using £ = 25 pb~! with Q? < 0.02 GeV? (tagged)

* ZEUS19%6-97 (3|  |¢| dependence:

Forshaw
Poludniowski

(BFKL)

Large |t| dependence: Ccll—‘;w it~

7 g 10
= n ~ 3 for both p &
—t (GeV?) ey

m 7EUS 1996-97

BFKL describes |t| dependence well

- — w8y (using only simple vector meson WF)
:IIII|IIII|IIII|IIII|IIII|IIII|II

0 1 2 3 4 5 6

Predictions for the full “lightcone” VM wavefunctions have recently become available
(These are necessary to simultaneously describe the high |t| behaviour and SDMES)

Light VMs can provide important information on these as yet unmeasured WFs!
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High |t| p Event Selection

2000 data = £ ~ 48 pb~!

Photoproduction: vp — pY

Decay: p — T~ (~100%)

Cuts:
1. Photoproduction with €’ detected in 44 m tagger = Q? < 0.01 GeV?

= 70 < W,p < 115 GeV
2. Two good oppositely charged tracks (one with P, > 0.4 GeV to fire trigger)
3. Both must be detected within the central region (20 < 6 < 160°)
4. |t] > 1 GeV? (dissociative) where |t| = P; , in photoproduction

5. Require Ar > 2 for diffractive processes (n = —In (tan %))

6. No neutral cluster with energy above 0.4 GeV (noise level)
7. Mass cuts: 0.6 < Mrr < 1.1 GeV and Mxx > 1.04 GeV (¢ — KK ™)

Number of events selected ~ 21000
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M, and |t| Distributions

Invariant mass (M ):

DiffVM uses a non-rel BW for p line shape

—> Convert to a relativistic BW distribution

_|_

Incorporate skewing effects (Ross-Stodolsky)

—-Accounts for non-resonant 7 production

H
o
)

-
o »
o_rmel IIIII|'|T| IIIII|T|'| IIIII|T|'| IIIII|T|'| IIIII|'|T|_

Normalised to data
+ Data

— Rho (diss)

— Rho (elas)

— DiffVM (diss)
—Sum

L T
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It] [GeV2]

(IR
o

w

[EEY
o

N

(IR
o

[EEN
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Normalised to data
+ Data
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|t| slope:

MC generated with a shallow |¢| slope

=-Produces more statistics at high ||

Has been re-weighted to describe the

observed |t| distribution of the data
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Control Plots

I

Normalised to data
+ Data

— Rho (diss)

— Rho (elas)

— DiffVM (diss)
—Sum

i

|

|

Y- —
E (V) [GeV]

=
O

[

|

ﬁ_z‘— 25 3
P. (V) [GeV] W [GeV:]

M | | I
105 110 115

o
~
ol

o IIII|IIII|IIII|IIII|IIII|

100 120 T 160
8 (V) [Deg]

=

High |t | Diffractive Photoproduction of p Mesons Page 11



Carl Gwilliam, Manchester University, loP Conference 2004

Preliminary Cross Section

~/p Cross section: Weizsacker-Williams flux:

do(yp—pY) _ 1 do(ep—pY) F(y, Q%)

— — Correction for effective v flux =
It F(y,Q2) dff] | !

N ata t 8 Q%nam
= F0T FAAr 5 log (G ) [1+ (1~ 9)?] log (4

Prescaled luminosity: £ ~ 23 pb~!
e Hera 2000 Data

=
o

Included:
- Diff\VM model

1

1. Acceptance correction (A)

2. Background subtractions

=

~
o]
c
A
=
)
=
>
>
1
Q.
N
)
©

3. Bin centre corrections

=
oI
[

MC tuned to describe |t| dependence

¢

I I A R A U A R A B L
Still to do: Trigger efficiency corrections 12 14 16 18 20
It]
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Summary

General:
e High |t| VMs are the ideal place to study BFKL dynamics
e Predictions for full “lightcone” VM wavefunction now available
e Light VMs provide information on these as yet unmeasured WFs

e Clean experimental signal with low backgrounds

Analysis:

e A sample of ~ 21000 p events (|t| > 1 GeV?) selected

e Initial measurement of differential cross section with ||

e Measurement of SDMEs will test light meson WF assumptions

e Intend to extend analysis to look at ¢ mesons in addition
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Elastic Vector Meson Photoproduction

Elastic and photoproduction

= Both |t| and Q* small

Light Vector Mesons (p, w, ¢):

o (yp —> Vp) [nbl

Observed dependence o ~ WY-22

= Consistent with soft /P’ expectation

which comes out of Regge theory

Heavier Vector Mesons (J /v, ¥(2s)):

- H1 Preliminary
- ® HIT

-~ A ZEUS

- A fixed target

Steeper rise in cross section observed

— Need something in addition to soft /P

What about QCD?
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BFKL & DGLAP Evolution

1. DGLAP LL: sums terms in " log"™ (Q?)

Strong k7 ordering: k%z < k%)iﬂ < ... < Q?

Weak long. mom ordering: x; > ;41 > ... > X

Used to evolve quark and gluon PDFs in (Q?

Faills at low 2!

2. BFKL LL: sums terms in o’ log™ (1/x)

No ordering in k7 = “random walk” ... but

Strong long. mom ordering: x; > T;41 > ... > T

Both predict fast rise in cross section with 1/

High || vector mesons = ideal place to test BFKL dynamics
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Helicity in High |¢| .J /1) Photoproduction

Untagged electron: Spin density matrix elements
— 0.5
S| o H1(yp - J/WY)

Can only measure 2 angular distributions 6* & ¢*

— Provides access to 3 indep linear combos

of “spin density matrix elements (SDMESs)”

s channel helicity conservation (SCHC)

— Vector meson retains helicity of photon

— All 3 combos of SMDEs predicted to be zero It] [GeV]

o ZEUS Eyp - Jétp;()
. . AZEUS(ypo - pY
J /1) data consistent with zero & therefore SCHC

— Simple WF assumptions appear satisfactory

It| [GeV?]

In contrast p is not consistent with zero = SCHC is violated .*. more complicated WF needed?
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Background Processes

Several possible processes can fake a signal of two oppositely charged tracks:

o — KTK~ Two charged kaons fake pions and therefore p

0

w—oatrTw Neutral pion undetected & charged pions fake p

p’ — ,Oi’]T:F’]TO Opp charged pions from two-stage decay fake p

s 0 and both neutral pions remain undetected

Also treating small (|t| < 3) elastic p contribution as a background
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