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Vector mesons at H1: Recent Results

10°

w
o
T

e pin photoproduction

Events / 25 MeV

e high t p° in photoproduction .
. . 00.2 04 06 08 1.0 12 14 :\im [1@86\?]0
e J/yin photo- and electroproduction ¢ |
%1500_—
"é I
_ 2 1000}
e Conclusion and outlook E
500f
0

28 3 32 34 36
MMl [GeV]

Niklaus Berger Vector Mesons at H1 - Diffraction 2006 Page 2



HERA and H1
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Diffractive Vector Meson Production

~ elastic Qo proton
N s S e, > . . .
Iy Ty dissociative
j ) T

Q°  ¥* Virtuality ~0 < 0’ < 80 GeV?

W v*p CM Energy 20 < W < 305 GeV
(4-mom. transfer at p vertex)? ~0 < |7] < 20 GeV?

VM  Vector Meson 0’, ®, 0, /v, W', Y

Probe wide ranges of scales: Q%, 1, My
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Theoretical Frameworks

“Soft” processes “Hard” processes
Regge Theory (Soft Pomeron) calculable in pQCD
7 -
€= o ‘fj':} '
Tl e VM

Pomeron trajectory Gluon density,
evolution equations
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Expectations

“Soft” processes
Regge Theory (Soft Pomeron)

7
// *

do oot

dt

w 4(ag-1)
Wo

Shrinkage: b = b(W)
Slow rise: G oc WWPO-22:-0:32
S-channel helicity conservation

Light VMs at Q° = 0, t = 0

“Hard” processes
calculable in pQCD

[

exchange of > 2 gluons

o = (xg(x,Q%)’

no shrinkage

steep rise due to xg(x,Q?)

SCHC may be violated

Presence of a hard scale
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The new Fast Track Trigger at H1

New H1 Fast Track Trigger for HERA II:
e Threshold pr > 100 MeV

e Track counting

e Single track efficiency > 90%

r-¢ track reconstruction in 2 us
Full 3-D track reconstruction with almost offline precison
in 20 us, including 2-Track invariant masses
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Diffractive p® photoproduction
H1 Fast Track Trigger:

Q% < 4 GeV?
20 < W < 90 GeV

x10°

~ 250’000 p’— 't candidates

35 |

® H1 '05 uncorrected

taken in 3 months
570 nb™ (prescaled)

30 |

Events / 25 MeV

25f
20|
s
of

‘\\\ 5

o ~ 07 Ll
N 02 04 06 08 10 12 14 16 1.8 20

M, [GeV]

Extract Pomeron trajectory from
H1 Preliminary 06-011, DIS2006 data from a single experiment

Niklaus Berger Vector Mesons at H1 - Diffraction 2006 Page 8




Diffractive p® photoproduction

Select events with 2 Tracks

e Track pr > 200 MeV : [0 3o T
e Opposite charge g or2f e R & — oxing Model
¢ 20° < 9 < 160° T vl |1 B e
o No scattered electron ool 1| weomsmonn| | L
e No unassociated energy .| |t N
in calorimeter above ol £
noise 7 e
Correct for inefficiencies SN f LT
pO Shape dIStOFted due to *%%2 04 06 08 10 12 14 :\)Enfésevz].o 02 04 06 08 1.0 1.2 1.4 :\in;gevz].o

nonresonant pion production

Fit skewed rel. Breit Wigner (Ross-Stodolsky)

or with an interference term (56ding)
Results compatible
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Diffractive p® photoproduction

Signal definition:
Q% < 4 GeV?

H1 PRELIMINARY

| Diffractive p° Photoproducti 4 [GeV?
(M +Q%)/(W?+Q?) < 0.01 L S ottt S
N e e e e e e 003520
] E 10° £ e e e e e 0069x12
Extract cross-section for S O e e 0120
diffractive (elastic and proton = 10} ———"7 %
dissociative) p° Lo S —
1 1 ?———-———‘—’—’—"'—_'——_— 0.81
12 bins in t - in total 80 bins in 310_1 "
W and t o § s a2 166
Flt O < W(4a(t)_1) -8 102 W 2.23
E ] | | | | | | | |
Next step: Separate elastic 20 30 40 50 6070 100
from proton dissociative events W [GeV]

using forward detectors
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Elastic p® photoproduction

r 0lol 62 TOROID 03 ¢204

Use Forward Muon Detector
and scintillators in the tun-
nel to tag proton dissociative
events

z

Determine tagging efficiencies |
from Monte Carlo, Noise from . S—
Data

Unfold to get elastic and
proton dissociative events

— Elastic cross-section
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Elastic p® photoproduction

—
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:

do/dt (yp — p%p) [ub/GeV?]

H1 PRELIMINARY

-t =0.010 GeV? |

-t = 0.035 GeV?

-t = 0.069 GeV?

t=0.123GeV? |

—

-t=0.189 GeV?

—

-t=0.26 GeV?

Good agreement with
previous results from
H1, ZEUS and OMEGA

i f;%/‘*‘:r Fit G o W(4oc(t)-1)
10 t=0.38 Gev? ‘t=0.58 GeV? 10 10°
3 e H1'05 Preliminary
' —— H1'05 fit
e X 2| o Higa
' B ZEUS'94
1l O ZEUS '94 LPS
107 E b e T A ZEUS'95
W [GeV]
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Pomeron Trajectory for p® photoproduction

Fit to the H1 data, assuming H1 PRELIMINARY
a linear Trajecory: - ———
120F ° H1 '05 Preliminary

O((t) = 0 +OC"t g — H1 '05 fit
1.15 -

ap(t) =(1.093+0.003* 3005
+ (0.116 £0.027 * 3PS Gev 2t

1.10 |

= 1.05 |

3
First Pomeron trajectory from 1.00 [
data from a single experiment :
0.95 [
0.90 |-

Elastic p° Photopraduction
II|III|III|III|III|III|III|I

12 -1.0 -08 -06 -04 -02 -00 02
t [GeV?]
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Pomeron Trajectory for p® photoproduction

Fit to the H1 data, assuming H1 PRELIMINARY
a linear Trajecory: ST ——
1.20 - ° | .relmlna
o(t) = agp +o'-t SN
1.15 :_ —— Zeus '95 fit
OCIp(t) — (1093 + 0003 -I: 888% o f — Donnachle-La_r_1dshoff
+ (0.116£0.027 £ §:338)GeV >t _
= 1.05
S i
In excellent agreement with 100 [
the ZEUS-OMEGA-H1 combina- /
tion (errors highly correlated) 0-95 ¢
0.90 | . L
o significantly smaller than the A B Prowpraducter
canonical 0.25 GeV™ 12 -1.0 -08 -06 -04 -02 -00 02
(Donnachie and Landshoff, 1992) t [GeV?]

Nonlinear trajectory?
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High t p® in photoproduction

Q% < 0.01 GeV?
75 < W < 95 GeV
1.5 < |t| < 20 GeV?
My < 5 GeV

do

— &<

(" oA
p |t] " fits data well

n=4.26+0.06 3%

Two gluon models don’t
describe data
BFKL model gives reason-

able description
(G.G. Poludnikowski et al.,
JHEP 312 (2003) 002)

1/c do / d|t] (GeV )

T | L | LI L LI L
[ J H1 =
BFKL -

............... two gluon (fixed o)

NG SRIEEE two gluon (running o)
\“ ........ A|t|'n’ n — 426 +0.08

-0.07

ep N epY m.\" o \\\ ........ )
-3 )
107 F Q2<0.01 Gev?
f 75 < W < 95 GeV

M, <5 GeV

10_4 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
i1 2 3 4 5 6 7 8 9 10

It| (GeV?)

H1 Collab., A. Aktas et al.
Phys. Lett. B 638 (2006) 422
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High t p%: Angular distributions

Meson
Production
Plane

Lepton
Scattering
Plane

Decay in Meson
Rest Frame

Look for s-channel helicity
NON-conservation (departure
from Vector Dominance)

Photoproduction: e escapes
through beampipe; only ¢*

1/c do/dcos 6* 1/c do/dcos 6*

1/c do/dcos 6*

—_
T

08 |
06 |

04 |

o H1 a)

- ~ .

1.5 < |t] < 2.2 GeV °

05 0 05 1
cos0*

08 |
06 |

04 F

02 |

c)

2.2 <t <3.5GeV?

-05 0 05 1
cos 9*

08 :

06 |

04 |

02 B/

e)

3.5 <|t| < 10.0 GeV *

1/6 do/do* (d

--SCHC b)

—Fit

1.5 <t <2.2 GeV?

100 200 300
¢* (deg)

d)

2.2 <] <3.5GeV?

100 200 300

¢* (deg)

)

3.5 <|t| < 10.0 GeV *

. -05 0 05 1 100 200 300
and 6* accessible cos 6’ 0" (deg)
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High t p9: Helicity Analysis

e SCHC in o%* e SCHC violated in ¢*
2-Dimensional fit:

1 d’c 3
6 dcos 6% do* ~ 4n

(; (1 - 1% + %(3r83 - 1)cos0*
-2 Re(r}y)sin20*coso* - ri, sinz(—)*coszq>*)

Spin density matrix elements r: o | |2

bilinear combinations of the Moo = 5 5 5
helicity amplitudes My, M P o4 M
A, Ay helicities (-,0,+) Mo, M* - M,.M*
of photon and vector meson rie = : . .
IMoL |5+ |V o |24 M|
M., : No Flip
- : Single Flip 04 _  Miq ME - M MZ,

M,. : Double Flip R 1 N I N | VI
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High t p: SCH-Non-Conservation

Matrix elements O for SCHC s o2 p =
Compare to 2-gluon and B0 ZEUS
BFKL models 02 £
o B o8 O o O —— ———— e
o 1 2 s 4 5 s
It (GeV %)
. _ 2 __BFKL - two gluon SCHC
roo in accordance with SCHC o - e R
02 :_ ¢ O ® ... ? .......................... % ................... i\ ......
04 04 . [ b)) e T
ri-1 and Re[r;g] violate SCHC ¢t |
0 1 2 3 4 5 6
. It| (GeV %)
e Two gluon model fails —
e BFKL based model Y CIK S
describes rl?, has 0z [
d|fﬁcu t|es W|th r9_41 and y - c) s
I 04 e s T s T e
fails for RE[rlo o (Gov®)
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Elastic J/y electro- and photoproduction

Electroproduction: Photoproduction:

2 < Q°< 80 GeV? Q% < 1 GeV?

40 < W < 160 GeV 40 < W < 305 GeV
It] < 1.2 GeV? It] < 1.2 GeV?

40 < W < 160 GeV: J/y —»u'u
135< W < 305 GeV: J/y—ee

400

VA

100

=
mb

200

1 300f b
1 150

] 200 J100F

1 100F 1 50F

L L L )
28 3 82 34 36 O 2.5 3 3.5 4 2 2.5 3 35 4

M, [GeV] : M, [GeV] M., [GeV]
e —
1I== | Ti==IT.
1 =1 M= 1F
M+ v et '
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J/y - extracting the pomeron trajectory

T T T T T v 1
1000f H1 (Q%=0.05 GeV? 003 7

| a) | 3 0:22 ]
e Determine dependence of | / |
cross section on W in bins M

do/dt(yp — J/yp) [nb/GeV?]

of t _

. 0.83 .

e Fit oo WHOD) in each t NI
bln 50 100 ' 300
Wyp[GeV]

10— ]

e Photo- and electroproduction  § | "”/<‘;>/;/i/ 005 |

o) i 0.19 |

T 10? 0.64 -

H1 Collab., A. Aktas et al. % [ / th ]

Eur. Phys. J. C46 (2006) 585 s | — (Ge']

50 100 200

WYp[GeV]
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J/y - pomeron trajectory

1
[t [GeV?

: |
PEFEEE EEECETE F APES BEETLCS BPECEC N A A B B A
—_—

 ¢) (@) =8.9GeV

A ZEUS

H1

[ 0 Hi

1 -
| — 2D-Fit

0

" 1 "
05

1
1

1.5

It| [GeV?]

Nucl. Phys. B 695 (2004) 3 (DIS)

e J/y harder than predicted o} Bt -
by soft pomeron (yp): i

ap(0) = 1.224+0.010+0.012 Ea

o'p = 0.164+0.028+0.030GeV-2 111

e Significant t dependence in 09
photoproduction: 08 R—,
40 evidence for shrinkage, S0 @-omew H1]
but also 20 below soft pomeron :

IS % _'

e FElectroproduction: compatible 1% }_-
with no shrinkage ol

ap(0) = 1.183+0.054+0.030 1t [Gev?)

o'p = 0.019+0.139+0.076 GeV-2 ZEUS:

Eur.Phys.]J. C 24 (2002) 345 (yp)
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J/y - testing gluon densities?

e High J/y mass provides a T ool A
hard scale - calculable in pQCD & [~~~ ° H1
e Measure cross section as a 3
function of Q%, W, compare Eaop -:
to models .
e Phenomenological fit (Q%2+M2)=" L
n=2.486 = 0.080 = 0.068 o 3
Martin, Ryskin and Teubner: pQCD & [ ronmemny "
model based on k7 factorisa- © 15k T MR CTEQoM) -f
tion and a parton-hadron duality T E
ansatz (Phys.Rev.D 62 (2000) 014022) i ""“‘*’*‘*"
e Prediction normalised to data s}
e Shape comparison can con- ke o
strain gluon density T ‘ 0 e
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J/y - testing gluon densities!

e Even more prominentin W = [~
dependence g B

e Normalise predictions at 1= = ooscer
W = 90 GeV, compare shapes omof-

e Access to gluon densities in . i
regions poorly constrained S H1
by inclusive DIS data R
(very low Xx) . e

e Uncertainties on gluon distri- & [ - urmacom |
butionstnot taken into S - .
account e

Theoretical alternative: Dipole SR ;

model by Frankfurt, McDermott  * s w0 w0 P

and Strikman (FMS) !

(JHEP 0103 (2001) 045)
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J/y - Helicity Analysis

e All three angles accessible in
electroproduction

e Use also proton dissociative
events to increase statistics

Lepton Meson
Scattering Production
Plane Plane

J
Decay in Meson
Rest Frame
= — 1 — [T T T T — .,S.CC.,.,.,.,.
~ —  Fitoc 1410 coszq) =~ - H
E'100: H1 0.05 5 9  [.-- scHC " Q| — Fite 1¢ 00+2r11)0032<I>
% 50: - ; g +\2e(T+e) r00+2r11 cosd)
3 . - _e_ N~ - -
8 W ; 610_' )
B W 01 B | O
S [ 2 © ©
10F <Q>-:
; 3 [GeV?]
[ z O ]
— ) TTZZA ]
| @0 Data . 1F
— Fit= 1+r00+(1 -3r%cos?%* ) :
2 1 2 1 2 2
-1 05 O 0.5 1 0]
coso*
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J/y - Helicity Analysis

i —
The 5 measured spin-den- b H1 ] e f ;
sity matrix elements are in | g b ! EINE S
agreement with SCHC ettt -
For SCHC, the ratio el s I os 8);

GL 0.-—‘0 § ? i .i '—i. .10 s ! .
R —_— — 7 SRS BT ST e sl — ol ——a
GT . C) e i h)
0.5F .1-1 _ § ¥ 1-1 i -
. 04 | = il encroposin § 2 ;
can be determined from ri, ©F o zeusehaoproducion 1
00 | A ZEUSElectroproduction =~ e 4

= 2 ———rrrrr - 0_5.. I‘050+2I‘151 d) r(?0"'21‘151 i)-

L L e Hf i l
6 15F A ZEUS -0 = 0§ . = - §

e b — MRT(CTEQS6M) - ]

1F - I | ul ,| . el ol i
0.5 ! {4 05 ! r50+2r111 ©) r50+2r111 D 4
Of= —— - O. ]
- a) sl s sl PR | . H1 _._._._._._u,]_._._._._._u,]_._.i_._._id T N i| i 2l . *
0.5 0.1 1 10 0.1 1 10 0.1 1
Q° [GeV?] Q% [GeV?] it [GeV?]
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Vector Mesons at H1: Summar

e p° photoproduction at small
|t] not described by soft IP
0'=(0.116 £0.027 " 33:5)GeV ™

e J]/V¥ production calculable in
pQCD, sensitive to gluon :
densities and evolution 0%k

e SCHC violated for high |t] p°, |
no evidence for violation in 0% g
J/y production '

105:—‘;;= ’
- |

o (vp — Vp) [nbl
5-#
I

10 E

- ® H1 Preliminary

e \Vector mesons are an e 1
excellent Laboratory to test I S
various scales j ﬁ 3

e What is a “good” hard scale? ' bt
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Outlook

Status: 16-Aug-2006

e HERA II is running well:

50 pb-1 taken by H1 in 2004 z — oo 1
170 pb-t in 2005, %
90 pb-1 up to now in 2006

New Fast Track Trigger at H1 &

with much improved selectivity

for exclusive final states: % o

3000 Daysof running

e High statistics ¢ pho- :
toproduction sample being =

analysed
e J/yand Y to electrons are SO
acceSS|b|e 0.98 1 1.02  1.04 1-07\/|K+I1<;02[3Ge\;].1
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