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Contents of this Talk

Exclusive Vector M eson

Something completely different:
Production

O Inclusive production of

O Jy and Y’ photoproduction N, P°, fo, -

O Elastic photoproduction
O Photoproduction at high [t|
O pY eectroproduction

O hdicities as function of t

O Q? dependence of t and W slope

Note: Data marked ,,H1 preliminary* is subject to change.
Please do not quote it without permission from H1.
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Vector Meson Photoproduction

O Vector mesons (p, w, @, Jy, ¢, ...)

O have same quantum numbers JP¢=1 " as photon
O can be produced by colorless exchange (,, IPomeron*) with proton

O Areachallenge tp perturbative QCD:
Understand cross section dependency on VM type, center—of—mass
energy, momentum transfer, photon virtuality, helicity

O Closdy linked to 2—gluon exchange: (Skewed) gluon density
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Kinematics

O Photon virtuality Q?:

Qlow Q%< 1GeV2: photoproduction, electron undetected
QO Q%> 1GeV2: eectroproduction, electron in main detector
Q expect propagator term 1/(Q%+nm?)2 in cross section

O W. Photon—proton center—of—mass energy; at HERA: 20—200GeV

o t: Momentum transfer squared to proton, t=—p,2 of proton
o My Vector meson mass

O All these variables can provide
a hard scale for pQCD!
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W Dependence of Oy

O JPomeron: :
Gyp DWé, E’ 105 L
5=4a (-4 '
Syt L
O QCD: g, OG(x) °
O Rise gets steeper for: '
O higher VM mass
O higher Q2 i
10 E
Q h|gh |t|7 ? B H1 Preliminary W“?
. . o 1(18)-
O Can we describe that rise of the " EA o target ]
W slopein QCD? N 1 '
10 | 1 | 1 L il

1 10 107
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Integrated J/P Cross Section

O Datafrom 1999/2000, -£=54.8pb™1

H1: yp — Jyp
E 225 __' rrrryrrT T T T T T T T T T T T T T |__ .
E L H199:00 Yy 'y (prefim) | O More precise measurement of O'(Wyp)
220 [ . {19697 Jiy >e'e” (BReorr) | -
k} s | > 1 O Wdependence: WO-70£0.08
: | E
150 N -/_ _:
125 — ) ]
100 — ]
75 __ —
s0f :
: — Fit: (W/90 GeV)°
25 b 5=0.7010.08 -

W [GeV]
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Integrated J/P Cross Section

~ Datafrom 1999/2000, -£=54.8pb™1

H1: vp — J/yp
5'225_ L L L L L L L L L L L LRIV ) L .
T 19900 T 'y retimy /] ] More precise measurement of a(W,,)
%‘2"“ " o H196-97 JAy — e e (BR col )i ‘;
s - © ZEUS 4 1 Wdependence: WO-70£0.08
150 - o E516 ged i _ _
; /] 4 % 1 O Agreement with ZEUS and fixed
125 [ s
§ e target data
100 -
7s | 1 O Broad agreement with QCD
of K scmoni 1 CAlculations, but problems
as [ --- MRT (CTEQ5M) ]
E MRT (MRST99)
00 00 20 30 30
W [GeV]
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The JPomeron Trajectory

O Regge theory predicts.
do/dt (W) U WALa(®)-1]

H1: yp — J/yp
LI L L IR R L I

£ 16 L e H199-00 JAy — ' (prelim.) -

_  ZEUS | = Measuring W dependence in bins
14| 1 of tisadirect measurement of the
IPomeron’ s trajectory

O Good agreement with ZEUS data
O a’=0.15+0.06GeV2: Shrinkage

08 |- . y ] .
- Fitogrent - observed with 2.50!
: ot = 1.20+0.02 ]
06 - o = (0.15+0.06) GeV
0028 TeE 0l L 1% 1S
It] [GeV?]
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025 e H1Data
— Fitw?*

Nemchik et al.

H1 Collab.: Phys.Lett. B541(2002)251.

£
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W Dependence of § Production

O Ratio R=o(y’)/a(JP) measured

O Rriseswith W
R [] \\0.24£0.17

O Described well by color—dipole
gBFKL —based calculation from
Nemchik et al.

QO Calculation in light—cone
dipole formalism from Hufner
et al. isabit low

Theory:
Nemchik et al., JETP 86(1998)1054.
Hufner et al., Phys. Rev. D62(2000)094022.
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W Rise in pO Electroproduction

gm L
O Preliminary result, i
2000 data, -L=42.4pb~1 z
O W Rise gets stegper with Q2 oL
1 -
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H1 p electroproduction

® H1 preliminary Q* (GeV?)

i 9.5
- wuju i/’i/_f’i,’/{
W

{ -Ir 22.0
35.0
o (/f/’
1 L 1 | 1

50

60 70 80 90100 200

W [GeV]
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Is Q2+m? a Universal Scale?

o 1.8 L D D L B o 1.8 L D D L B
- ] [ Hi1pprel. - ]

L ° A - L i
. | Sop s zeusppal 0 R _
L rel. L i

[ €I 3,* 97 4 H1 h;g) ; | 4 ZEUS p prel. ]
__/“ b W 5 1.4 [~ % H1Jhyprel. - 7]

‘ 3 I 1 :fi’H'lJ.-'wQ? b 1

- — 4 H1y(25) /T B 7

i i L i

- 1 -

] ® ]

1 O A 1

7] 0.8 | .

- 05 1 .

—: 0.4 - ]

] D2 [Eem——— S .

% soft pomeron

D [hnnnafnnnnlannnfonnalonanfonnnlnnaallonanl 0 Clnnnaflnnnnlannnlnnoallonanflonnnlonanllonanl
D 5 10 15 20 25 3D 35 40D 1] L 10 15 20 25 30 35 40

0 [GeV? Q%+ME [GeV?]
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HERA-II: The Tale Continues

. . [ Mass Speotrum | ’-—
O Spring 2003: Special datataken a00- : S
. . . 700—
with dedicated p© photoproduction - Y
triggers 00 R
100— + ﬂﬁ""‘*wu*w+w“
QO More than 13000 events taken %oz "o e 0s 1 12 ia
' H1 - HERAII
O W range 25-85GeV wl
300 : Hﬁ +
Q |t] range up to 2GeV?2 200 Tt
100— ¥ +e
O Enough data for double- R e e s
differential measurement of p© (W1 - HERAIL
photoproduction cross section e ”***Hhm
gt
10 +'47+ t t +

0 02 04 06 0.8
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t [GeV?]
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Momentum Transfer t

O Exponential falloff do/dt Lexp(-Dblt|)

O In optical model (scattering on ablack disk): b=R2/4

O For proton dissociation: b smaller than for elastic production
0 Proton dissociation dominates at high |t|

O Slope get steeper with W: shrinkage

O High |t|: t becomes a hard scale for QCD calculations

p-dissociative

Y
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New Measurement of yp - J/@X at High |t|

O Full statistics from 1996—2000:
L=78pb~1

O 2 < [t| < 30GeV2: Probes [t[>M2y,,!
O No exponentia behavior as at low |t

O DGLAP* fareswell up to M2y,

O BFKL* very good, but only with
fixed ..

O Power law:
n=3.00+0.08(stat)+0.05(syst)

Benno List

do(vp — JAyY)dt [nb/GeV?]

Vector Meson Production at H1

e
=

Data H1

— BFKLLL {fixed o)

— — BFKLLL + NL {fixed o)
BFKL LL + NL {running o)
—— DGLAPLL

—l

-l
=]
1

10 L

t| [GeV?]

H1 Collab.: DESY 03-061
[hep—ex/0306013]

*DGLAP: Gotsman et al., Phys.Lett.B532(2002)37.
BFKL: Enberg et al., Eur.Phys.J. C26(2002)219.
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t Dependence of W Rise

s(vp — JAyY) [nb]

102
W 2<t|<5 GeV? H1
® 5<t|<10 GeV?
¥ 10 < [t| < 30 GeV?
10
O DGLAP too flat above [t|>5GeV?,
but good below
1F O BFKL reasonable
- —  BFKLLL (fixed o)
» — -~ BFKL LL + NL fixed o)
10 —— DGLAPLL
s0 160 200

H1 Collab.: DESY 03-061 W, [GeV]

[hep—ex/0306013]
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Decay Angle Distributions

q}*
© prar O Decay angle distributions
/ ' depend on hdlicity state of
_ K / Meson Decay Plane decayl ng VeCtor m%n
Scattering Production N7 O s—channel helicity conservation:
4 VM keeps helicity of virtual
Jhyr

Decay in Meson phOtOn

O Low Q% Photon behaves like real photon, VMs are transversely
polarized: oL/0T(Q%) 0QYm,,?

O At higher Q% Longitudinal photons dominate
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PO Electroproduction

bs R esmpeducion O 104y, measures fraction of
09} o s _ _ _
E } T Db modd g 36 longitudinally polarized vector
0.8 $ .
4 Mesons:
0.7 % g u 1 $ .
) * : :
061 1 ORiseswith Q2, as expected
L | e by by e by
0 02 04 06 08 1 12 14 16 18 2
wiGevy  QnNOt dependence observed
3H8 LA o o - I—llpproductlonl
09 - ® H1 preliminary e e .
% <Q™ = 15.9 GeV* = o approximation ]
0.8 L $ ] o H1 97 diffractive i 10 ¢ Hlpreliminary 1 t
' $ <Q> =5 GeV? - r © HI ]
0.7 _% | o H1 96 elastic s ¢ ERUS ’
‘ <Q% =5 GeV? [ 1 :
0.6 _% | ZEUS 95 6 I ]
S <Q%>=6.3GeV? i ]
0 10 20 30 40 “F % 1
GeV i
Q° [GeV’] L2 1
o Eélg —— Martin, Ryskin, Teubner b
o 10 20 s
Theory: A. Martin et al., Q? [GeV7]
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s—Channel Helicity Non—-Conservation

H1 H1 p electroproduction
o™ L ® H1 preliminary o Q4 T
o F =+ + 5 <«Q>=159Gv'
T 0 1 & HI197 diffractive &
=~ i t <0.08 Ge¥’ i <Q* =5 GeV*
€ o 0.2
T 1 © HI 96 elastic '
o o1 ] <Q% =5 GeV?
- [ ] ZEUS 95 ——— pQCD based model Q™ =5 GeV®
0 := S rﬁﬁat}{}ufﬁgﬂ : :z <Q>=63GeV" 0
02| . I P S U S BN NN I B ainy
0 02 04 06 08 1 12 14 16 18 2
o1 . 1 [GeV"]
- r.zft.ftfj.?ef -+ W(®) x 1+\/26(1 + €)( ) cos (I)—E(T*t-lm + 2?*%1) cos 2®
0.2 05 <t < 10 GV’ .
_ | O I°yyt2r244: helicity non—conserving (T - L transition)
0 .::.I::::I:.::I::f
w O Riseswith V|t| = p,, as expected
I + _
o w Q@ Correctly described by pQCD based model
d {deg)
H1 Collab., Phys. Leit. B539 (2002) 25. Theory: Kuraev et al., JETP Lett. 68(1998)696.
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J/P at high [t]: Helicity
O Fit 2-dimensional cross section; =%

1 d?o 3
odcosfrde*  dmw \ 2

—I—\/iRe{ﬂ} sin 26* cos ¢* + ?‘%1 sin®6* cos 2@*) -u,su- L

O s—channel helicity conservation: ~ >es
al r are O in photoproduction
1 d% 3 (1 1 ) hal
— = — + — cos“f T T T S
ogdcos@*dg* 4w \2 2
O Result: al values consistent with 0, = ez
no violation of SCHC seen ¢

1 1 [
(—(1 + "rgél) — 5(3?‘83 -1 cos> 6* or

of

Measurement

* H1 (vyp — JiyY)

T
O
>

I a:

| W

L et

n 1u 1 1 1 1 1 1 | 1 En 1
it [GeV™]

- o ZEUS (1p — JiyY)
- { & ZEUS (yp — p"Y)

Q - 10 - - 20 I
it [Gev™]
H1 Collab.: DESY 03-061 [hep—ex/0306013]

Benno List Vector Meson Production at H1 Page 20












Inclusive Meson Production

Inclusive particle production in fragmentation
O Universal plateau dN

O Here: Photoproduction,
2000 data, £=38.7pb1

O Electron tagged, 174<W<256GeV Y., 2.4 Calo 1 '_4 ~5
O 3.7-10° events

O Resonance production:
r]1 p01 f01 f2

Q p; behaviour ssimilar to stable particles?
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The Data

dN/dM [1/GeV]

105 . 105 -
. 2 M F F
x 102| HI prelim. x 10 o H1 prelim. t HI1 prelim. o) - H1prelim. 5
8000 yl < 13000 - : S
i 104 | 4
| —h——— :
2500 104 = $ *
; + _+_ + o 4
6000 - | --—- comb. [ _+_ :EE 103 E_ *;*
background| »spgg L oy I —+— ::i i +
= | ‘ —+— < $
- T 100t = 102}
4000 i} - “(392)0| 1500 - I 2 F
1000 | gt Y
102 = L = v|'|
2000 | E | + j_
:_ 500 34— e w0 1
i \ ¥ —7
0 lrIII o QL TN Y I N I T T 10‘1 Al
0.75 1 1.251.5 0.75 1 1.251.5 -1 =05 ¢ 05 I 107" 1
Y pr|GeV]

M(xta™) [GeV]
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Universal Scaling?

1ot ‘ . H1 prelim.
. . =l s
O After correction for spin factor: ¢ ¢ Y
S 10% “amu
. . E o‘,
O Resonances productionlieson % | "
S o
universal curve when plotted = "
. ﬁ T E4— A" +—o-_1.
against p.+m! T fe—1o 2
_%’:?_10_' =0 — f '¢-_+_+
= ft-
107 - 7t published Rl 4+
10-3 _ o : : : : |
0.80.91 2 3 4 5 & 7 8 910

pr + m[GeV]
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Summary

O Many new results on p9, Jy, Y’ production, measurements become
double—differential and explore new kinematic regions:

O Perturbative QCD calculations successfully describe many aspects
(W, t lopes, helicity): big progress over last years

O Data continues to challenge theory

O Inclusive production of n, po, f,, f, has been measured and shows a
universal behavior in p+m

O (Vector) meson prodcution will stay afruitful subject at HERA-II
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New Measurement of |’ Photoproduction

O Full 1996-2000 statistics, Swool . yipam + |
L=T7pb1 [ — 0

O Direct decays |’ — [t~ ete woor l’ Rasal
+cascade decays )’ — J TUTC | 0 e |

M., [Gev] |

2000+

O 40<W<150GeV, [t|<5GeV2

O First differential measurements QBT L L emreete
3 - M., [GeV]
of Y’ photoproductio e
A sy I P 1 e I o S
100 | 1da | | di200f
50| | sor - 1 100f
:T"L'I.Trl-:ljll J'l'l_l.an_llJ.lI.-qulI- [ - E||||I'|'|-|--- ! un® NN
0 3 4 5 B 0 3 4 5 B 0 0.5 1 1.5
M, (GeV] Mg 1er [GEV] M,,_-M,[GeV]

H1 Collab.: Phys.Lett. B541(2002)251.
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New J/P Measurement (preliminary)

O Large dataset 1999/2000

O £=54.8pb1 S '_
O ~7000 events; allow % o | HO \ i
double—differential measurements £ | -
do/dt (Wyp) 1500 -
S00 \M} _

0 1 1 1 1 II|III 11 | 111 1
2 22 24 26 28 3 32 34 36 38 4
M, , (GeY)
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s—Channel Helicity Non—-Conservation

a) H1
e ET LI T I T T T T I T T T T | LI
o i ]
_g L _+_ _+_ -
o 01 —
T - -
: B 2 7
L f < 0.08 Ga¥ 4
'e. U | 11 1 I 1 fl 1 I 1 1 | 1
P‘ _I LI T I T T LI I LI LI | T I_
b L
- = —4— m
L or B
— - .
i 008 < 1 < 02 GeV* ]
u 1 1 1 I 1 1 11 I 11 11 | 11
_I T 1 T I T T LI I LI LI | T I_
0.2 — —
0.1 v
— -+

oz E 05 <t < 10Ge¥”

C P.‘Z{t‘ﬂ[’.ﬁﬁe‘v'z
R RAREARE

UIIIIIIIII

1 | 1 1 1 1
| —§— i

0 100

200

300

< {deg)

1/ daoidcos @

conserving

EIIH - HIIE

-1

R E 1] 05 1

cos

H1 Collab., Phys. Lett. B539 (2002) 25.
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Wi(cos0*) oc 1 — 1+ (3 1% — 1) cos® 6

W(®) oc 14+/2¢(1 + €){ ) cos ®

—e(ri, + 2rl,) cos 2@

O r%y,: helicity conserving

O I2pp+2r244: helicity non—

O Clear SCHNC obsarved
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s—Channel Helicity Non—-Conservation

O I3pp+2r°4,: Combination of
matrix elements that should

H1 p electroproduction

vanisn for SCHC
Q Significant non—conservation o
———  pQCD based model <Q* =5 GeV”
Ob%rvm 0 | | | | | | | | SCHIC
_ _ 0 02 04 06 08 1 12 14 16 18 22
O Riseswith V|t| = p,, asexpected ., 116GV

O CorreCtIy predICted by QCD " 021 r% i A H12>9’7 diffractive
. _ <Q%> =5 GeV*
Cal CUI atl ons 0.1 *ﬁi $ % $ N ¢ H1 96 elastic

® H1 preliminary
<Q% = 15.9 GeV*

<Q> =5 GeV*
0 ZEUS 95
| | SeHe <Q% = 6.3GeV?
0 10 20 30 40
Q" [GeV’]

Theory: Kuraev et al., JETP Lett. 68(1998)696.
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Searching the @dderon

O If 2 gluons are a Pomeron,
3 gluons are an (Ddderon!

O ,Nave" calculation of 3—gluon exchange shows flat energy
dependence, i.e. a =1.

O Look for final states that are not possible for natural parity
exchange, e.g. 0 with JF¢=0-+,
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How to Find a Single 1©

QO Problem: Only 10 in detector, i.e. 2y |
Inclusive M, spectrum for events

O Scattered electron in e-Tagger, with 2 photonsin backward
neutron from proton dissociationin  calorimeters:
neutron calorimeter

p- ]

O Gammas from 10 decay have energy § 30} + :: ,::: cut
~6GeV, very close to beampipe. Use 2 H u
special calorimeter (VLQ) to detect & 200 + ++ + melsiver
them. Sl Hir fiott £

O 1999/2000 data, £=30.6pb-1 0; | T

0 0.5 M_[GeV] 1

H1 Collab., Phys.Lett. B544(2002)35.
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Do We See It?

Not yet!
O No signal above background
- i observed
D B i = H1 data
O sl E
g ﬂ e | O Derivelimit:
P PYTHIA-mod o (Yyp—N*) <49nb (95% CL)
€ 10/ A Tmess et for 0.02<t|<0.3GeV2
f exclusive n° a W=215GeV
o +@%_Hﬂar:%ﬁ+ﬁ o

0 0.5 ; O Theoretical expectation™:
- M., [GeV]
H1 Collab., Phys.Lett. B544(2002)35. >200nb

*Berger et al., Eur.Phys.J. C9(1999)491.
Benno List Vector Meson Production at H1 Page 35



