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1 Introdu
tion and Overview

The ele
tron-proton 
ollider, HERA performed well during 1999, whilst the H1 experiment took

data with high eÆ
ien
y. Between January and April, 14:2 pb

�1

of e

�

p data were 
olle
ted.

A shutdown of two months then took pla
e to enable the a

elerator and experiments to 
arry

out essential maintenen
e and upgrade work. From July until De
ember, the a

elerator ran

su

essfully in e

+

p mode. A luminosity of 20:9 pb

�1

was 
olle
ted by H1 under normal running


onditions. A further sample of 4:6 pb

�1

was taken with minimum bias triggers, whi
h will

enable pre
ision measurements in the low parton-x region. The large integrated luminosities

will allow the experiment to 
arry out its full planned programme prior to the major upgrade

of the HERA 
ollider [1℄, to take pla
e from September 2000. There will then be a shutdown

of nine months, during whi
h fo
using magnets will be inserted in and around H1. The HERA

upgrade is expe
ted to yield a fa
tor of �ve in luminosity delivered. Several 
omponents of H1

will be upgraded at the same time.

The UK groups have been heavily involved in many H1 a
tivities in the past year, making

leading 
ontributions to dete
tor operation, physi
s analysis and upgrade preparations. Se
-

tions 2, 3 and 4 of this report 
ontain short des
riptions of these a
tivities. Se
tions 6, 7, 8,

and 9 do
ument the publi
ations, 
onferen
e and workshop 
ontributions and Ph.D. theses that

have been produ
ed as a result

2 Physi
s Results

There have been a number of notable new results from the experiment in 1999, with a strong

UK involvement in many 
ases. A summary of analysis work from the past year involving UK

physi
ists is given below.



2.1 Deep{Inelasti
 S
attering at Very High Q

2

In
lusive Deep-Inelasti
 S
attering (DIS) 
ross-se
tions have long been used as sensitive probes

of proton stru
ture and QCD dynami
s. The large integrated luminosity 
olle
ted with both

lepton 
harges in the 
olliding ep beams of the HERA a

elerator have allowed the phase spa
e

of su
h measurements to be extended into new kinemati
 regions of very high Q

2

, up to 30 000

GeV

2

. In this region where Q

2

' M

2

Z

or M

2

W

, the Z

0

and W

�

boson masses squared, the

ele
troweak se
tor of the Standard Model (SM) 
an be tested in DIS. In addition, signals of

new physi
s beyond the Standard Model may be expe
ted to arise at the highest Q

2

where the

smallest distan
e s
ales of proton stru
ture are probed.

The neutral 
urrent (NC) 
ross-se
tion for the pro
ess e

�

p! e

�

X with unpolarised beams

is given by
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where � is the �ne stru
ture 
onstant and the heli
ity dependen
es of the ele
troweak inter-

a
tions are 
ontained in the fun
tions Y

�

� 1 � (1 � y)

2

. The dominant 
ontribution to

the 
ross-se
tion 
omes from the stru
ture fun
tion

~

F

2

. The

~

F

L


ontribution is largest at high

y and is expe
ted to diminish with in
reasing Q

2

, whereas the stru
ture fun
tion x

~

F

3


on-

tributes in the high Q

2

regime of Z

0

ex
hange. Note that for unpolarized beams,

~

F

2

is the

same for ele
tron and for positron s
attering, while the x

~

F

3


ontribution 
hanges sign as 
an

be seen in eq. 1. For simpli
ity it is 
onvenient to present the NC \redu
ed 
ross-se
tion"
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The leading order double di�erential 
harged 
urrent (CC) 
ross-se
tion for e

�

p! �X may

be written as
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where G

F

is the Fermi 
oupling 
onstant, and u, 
,

�

d, �s are the quark distributions of the proton.

The des
ription of e

+

p! ��X is obtained by ex
hanging all quarks with anti-quarks (and vi
e-

versa) in eq. 2. The CC redu
ed 
ross-se
tion is de�ned as ~�

CC

(x;Q

2

) �

2�x
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2
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�
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.

The single di�erential 
ross-se
tions d�=dQ

2

for NC and CC are shown in �g.1 for y � 0:9.

The measurements show the now published e

+

p data [2℄, and new preliminary measurements

of the e

�

p data [3℄. The positron data were taken at

p

s � 300 GeV, whilst the ele
tron data

were taken at

p

s � 320 GeV. The data are 
ompared to the NLO QCD �t performed on low

Q

2

�xed target data from NMC and BCDMS and H1 e

+

p data, 
alled \H1 e

+

p QCD �t" in

the following. The new e

�

p NC and CC measurements presented here were not in
luded in the

QCD �t.

The data are generally found to be in good agreement with the expe
tation, though an

ex
ess of approximately two standard deviations remains at the highest Q

2

in the NC e

+

p data.

For Q

2

> 3 000 GeV

2

the NC e

�

p 
ross-se
tion is observed to be systemati
ally larger than

the e

+

p 
ross-se
tion. The in
uen
e of the in
reased 
entre-of-mass energy is indi
ated by the

dashed line and predi
ts an in
reased 
ross-se
tion of � 7% for Q

2

< 1 000 GeV

2

rising to

50% at Q

2

= 30 000 GeV

2

. However, at high Q

2

this is approximately an order of magnitude

smaller than the in
rease expe
ted from the di�erent lepton 
harge. The di�eren
es between

the e

�

p and e

+

p 
ross se
tions are 
onsistent with the SM expe
tation of the parity violating


ontribution of Z

0

ex
hange.
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Figure 1: The Q

2

dependen
es of the NC (a) and CC (b) 
ross-se
tions d�=dQ

2

are shown for the prelim-

inary e

�

p (solid points) and published e

+

p (open points) measurements. The data are 
ompared to the SM

expe
tation. The in
uen
e of the in
reased 
entre-of-mass energy is shown as the dashed 
urve.

The Q

2

dependen
e of the CC 
ross-se
tion for e

+

p and e

�

p s
attering is shown in �g.1b.

The ele
tron data are found to have a larger 
ross se
tion everywhere, by up to a fa
tor of

ten at Q

2

= 15 000GeV

2

. The e�e
t of the in
reased 
entre-of-mass energy is expe
ted to

be relatively small, and is shown as the dashed 
urve in �g.1b. The CC 
ross-se
tions are in

good agreement with the SM expe
tation based on the H1 e

+

p QCD �t. The Q

2

dependen
e

of the 
ross-se
tion at high Q

2

is largely due to the e�e
t of the ele
troweak propagator and

is therefore sensitive to M

W

. Fitting the e

+

p data for the propagator mass yields the value

M

W

= 80:9� 3:3 (stat:)� 1:7 (syst:)� 3:7 (theo:) GeV. The theoreti
al un
ertainty (theo.) is

evaluated by varying the input assumptions and the data entering the �t. At the present level

of pre
ision, there is no eviden
e for any anomalous behaviour and the value of M

W

extra
ted

is in agreement with time-like determinations [4℄. Thus the results are 
onsistent with the

expe
ted ele
troweak stru
ture of the standard model in this newly probed deeply spa
e-like

region.

The double di�erential NC redu
ed 
ross-se
tions for e

+

p and e

�

p are shown in �g.2(a)

whi
h rea
hes up to x = 0:65 and Q

2

= 30 000 GeV

2

. The data are 
ompared to the H1 e

+

p

QCD �t, whi
h is found to give a good predi
tion of the x, Q

2

behaviour of the data. The two

data-sets di�er in the manner expe
ted from parity violating 
ontributions. These di�eren
es

will allow a determination of the x

~

F

3

stru
ture fun
tion at high Q

2

for the �rst time.

The double di�erential CC redu
ed 
ross-se
tions from ele
tron and positron s
attering are

shown in �g.2(b). The data are well des
ribed by the H1 e

+

p QCD �t. The 
ross-se
tions

measured in e

�

p s
attering are found to be 
onsistently larger than for e

+

p s
attering. The dif-

feren
e in the 
ross-se
tions is found to in
rease with Q

2

. This is expe
ted within the Standard

Model and is due to the di�erent quark densities probed in e

+

p and e

�

p s
attering. Thus the

CC 
ross-se
tion is a powerful tool in re�ning our understanding of the 
avour 
omposition of

the proton. With in
reased statisti
s, these are likely to be
ome the de�nitive measurements.

All of the H1 very high Q

2

data will improve 
onsiderably in both statisti
al pre
ision and


overage of kinemati
 phase spa
e as higher luminosity be
omes available following the HERA

upgrade.
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Figure 2: (a)The NC redu
ed 
ross-se
tion ~�

NC

is shown at high x for the preliminary e

�

p data (

p

s � 300

GeV, solid points) and the e

+

p data (

p

s � 320 GeV, open points) 
ompared to the SM expe
tation. (b)The

CC redu
ed 
ross-se
tion ~�

CC

is shown for the preliminary e

�

p data (

p

s � 300 GeV, solid points) and the e

+

p

data (

p

s � 320 GeV, open points) 
ompared to the SM expe
tation.

2.2 W Produ
tion

In the Standard Model W bosons are produ
ed at HERA predominantly in photoprodu
tion

via bremsstrahlung o� a quark (ep! eWX). In 
ertain s
enarios beyond the Standard Model

W s may be produ
ed via de
ays of heavier parti
les. For instan
e if single top quarks were

produ
ed (e.g. via the rea
tion 

! t, as proposed in [5℄) W s would be observed in the de
ay

t! bW . A similar de
ay 
hain o

urs in supersymmetri
 models where the stop de
ays to W

sbottom (

~

t!

~

bW ) [6℄. In su
h models the W would be produ
ed alongside a hadroni
 jet with

high transverse momentum.

At H1 W events are identi�ed in the W ! e� and W ! �� de
ay 
hannels, by sele
ting

events with large missing transverse energy and an isolated ele
tron or muon [7, 8℄. A sear
h

was 
arried out using 12:8 pb

�1

of e

�

p s
attering data and 36:5 pb

�1

of e

+

p s
attering data.

A total of eightW 
andidate events were found, all of whi
h appeared in the e

+

p data sample.

Three of these events were observed in the W ! e� 
hannel 
ompared to 2:24� 0:67 expe
ted

from W produ
tion and 0:88� 0:19 from ba
kground sour
es. The other �ve 
andidate events

were observed in the W ! �� 
hannel 
ompared to 0:87 � 0:26 expe
ted from W produ
tion

and 0:14 � 0:09 from other Standard Model sour
es. In the e

�

p data sample, no events were

observed, whi
h should be 
ompared with 2.0 events expe
ted from Standard Model pro
esses.

The ex
ess of events in the muon 
hannel is even more striking when the events are studied

as a fun
tion of P

X

T

, the transverse momentum of the hadroni
 jet, as listed in table 1. At low

P

X

T

there is no signi�
ant deviation from the Standard Model. At P

X

T

> 40 GeV 3 muon events

are observed 
ompared to a Standard Model expe
tation of 0.60 (e

+

and e

�

, e and � de
ay


hannels 
ombined). The large in
rease in luminosity after the HERA upgrade will qui
kly

allow us to investigate this signal with higher statisti
s.



Ele
tron Data SM expe
tation W

P

X

T

> 0 GeV 3 3.12 �0.70 2.24 �0.67

P

X

T

> 12 GeV 1 1.15 �0.25 0.78 �0.23

P

X

T

> 40 GeV 0 0.16 �0.04 0.14 �0.04

Muon Data SM expe
tation W

P

X

T

> 12 GeV 5 1.01 � 0.28 0.87 � 0.26

P

X

T

> 40 GeV 3 0.21 � 0.06 0.19 � 0.06

Table 1: Observed and predi
ted event rates in the ele
tron and muon de
ay 
hannels of the W for e

+

p data.

2.3 Di�ra
tive Hard S
attering

The UK has traditionally been at the forefront of the H1 investigation into di�ra
tive phenom-

ena. This remains a fast developing �eld, with signi�
ant developments in the perturbative

QCD (pQCD) des
ription of hard di�ra
tion in re
ent years. Experimentally, di�ra
tive events

are 
hara
terised by large regions of the dete
tor in whi
h there is no a
tivity, a `rapidity gap'.

The 
ross se
tion for the pro
ess 


�

p ! Xp, where the photon disso
iative system X is

separated from the proton by a large rapidity gap, has been measured by H1 in the form of

a di�ra
tive stru
ture fun
tion F

D(3)

2

[9℄. The di�ra
tive stru
ture fun
tion has been used to

test di�ra
tive fa
torisation hypotheses. The hard 
omponent of the di�ra
tive DIS s
attering

amplitude has re
ently been shown to be fa
torisable [10℄, just as in standard DIS. Fa
torisation


an be taken further under the assumption, inspired by Regge phenomenology, that there is

a universal 
ux of an obje
t with va
uum quantum numbers (the pomeron) asso
iated with

the proton [11℄. Under this assumption, the parton distributions of the pomeron have been

extra
ted from F

D

2

data [9℄.

A major a
tivity at HERA over the past years has been the testing of the validity of

these parton distributions for the des
ription of as many di�ra
tive observables at HERA as

possible. The two measurements des
ribed below provide perhaps the most stringent tests

yet. They are both dire
tly sensitive to the di�ra
tive gluon distribution, whi
h 
an only be

inferred from s
aling violations in more in
lusive analyses. A still more exa
ting test of the

fa
torisable pomeron pi
ture 
omes when the pomeron parton distributions from HERA are

used to predi
t 
ross se
tions at other 
olliders, in parti
ular the Tevatron. Here the pi
ture

runs into serious trouble, where HERA based predi
tions 
an fail by fa
tors of order 100 for


ertain pro
esses [12℄. The development of a phenomenologi
al understanding of this failure of

fa
torisation has be
ome a major 
hallenge for QCD.

2.3.1 Di�ra
tive Dijet Ele
troprodu
tion

The generi
 di�ra
tive pro
ess at HERA is shown in �gure 3. Under the Regge fa
torisation

ansatz, with the proton remaining inta
t, �gure 4 represents the dominant dijet produ
ing

pro
ess at leading order of QCD. A gluon from the pomeron undergoes boson-gluon fusion

with the virtual photon, su
h that the outgoing q and �q may have high transverse momentum.

The variable z

IP

then represents the fra
tion of the pomeron momentum that enters the hard

s
atter. A hadron level estimator of this quantity, z

jets

IP

, is de�ned as

z

jets

IP

=

M

2

12

+Q

2

M

2

X

+Q

2

(3)
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Figure 3: The generi
 di�ra
tive pro
ess at HERA
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Figure 4: The dominant leading order QCD pro-


ess for di�ra
tive dijet and 
harm produ
tion in the

partoni
 pomeron model.

where M

12

and M

X

are the invariant masses of the dijet system and the full system X respe
-

tively.

Figure 5: Di�erential hadron level 
ross se
tion for di�ra
tive dijet produ
tion as a fun
tion of z

jets

IP

. The data

points are shown with the predi
tions from a partoni
 pomeron model with di�erent 
hoi
es of the pomeron

parton distribution fun
tions and fa
torisation s
ales.

The kinemati
 region probed in this analysis is determined to a large extent by the require-

ment that there be at least 2 jets in the X system. This for
es the invariant mass of the X

system to be large, and z

IP

typi
ally to be small. Indeed, the fra
tional momenta a

essed

extend to values lower than those rea
hed in in
lusive analyses. Figure 5 [13℄ shows the 
or-

re
ted z

jets

IP

distribution 
ompared, via a Monte Carlo model, with two di�erent sets of pomeron

parton distributions (labelled �t 2 and �t 3) extra
ted by H1 from analysis of F

D(3)

2

[9℄, for

two 
hoi
es of fa
torisation s
ale �. In terms of overall normalisation and general shape, the

agreement between the fa
torisable pomeron model and the data is rather good, parti
ularly

sin
e the kinemati
 ranges, experimental method and systemati
s are very di�erent between

the two 
ases. There is eviden
e from the jet data of a need to modify the parton densities in



the low z

IP

region, and some sensitivity to the appropriate 
hoi
e of parton distributions and

fa
torisation s
ale. A

ording to the models, approximately 75% of the dijet 
ross se
tion 
an

be attributed to hard s
attering pro
esses involving gluons from the pomeron.

2.3.2 Di�ra
tive Ele
troprodu
tion of D

��

Mesons

Within the resolved pomeron model, the produ
tion of open 
harm o

urs via the same me
h-

anism as the dijets (�gure 4), where the quarks emerging from the boson-gluon fusion pro
ess

are a 
�
 pair. The pro
ess has also been modelled using a pQCD approa
h to the pomeron

stru
ture based on 2-gluon ex
hange [14℄.

An analysis [15℄ has been performed using data 
olle
ted during 1995, 1996 and 1997,


orresponding to an integrated luminosity of 20:8pb� 1. The D

�+

mesons are re
onstru
ted

using the de
ay 
hannel

D

�+

! D

0

�

+

slow

! (K

�

�

+

)�

+

slow

(4)

whi
h has a bran
hing ratio of 2:63%. The 
ross se
tion in the kinemati
 range

1

2 < Q

2

<

100GeV

2

, 0:05 < y < 0:7, x

IP

< 0:04, M

Y

< 1:6GeV, jtj < 1GeV

2

, p

T

(D

��

) > 2GeV and

j�(D

��

)j < 1:5 is

�(ep! (D

��

XY ) = 154� 40(stat:)� 35(syst:)pb: (5)
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ross se
tion �(ep! D
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XY ) mea-
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IP

.

10
-2

10
-1

1

0 1

z
obs

IP

dσ
/d

zob
s

IP
 (

nb
)

H1 Preliminary

Resol. IP • 1/3

2-Gluon

SCI • 1/2

Figure 7: The 
ross se
tion �(ep! D

��

XY ) mea-

sured di�erentially in z

obs

IP

.

The 
ross se
tion is shown di�erentially as a fun
tion of z

obs

IP

and x

IP

in �gures 6 and 7. The

2-gluon model fails in the regions of higher mass for system X, i.e. low z

obs

IP

. This behaviour is

re
e
ted in the failure at high x

IP

. This indi
ates that re�nements of the model are ne
essary.

At present, only the 
ase in whi
h the parton level �nal state system X 
onsists ex
lusively of

a 
�
 pair is implemented. In the regions where the X system must have this basi
 parton level


on�guration (high z

obs

IP

), the model su

essfully predi
ts the magnitude of the 
ross se
tion.

Cal
ulations where 
�
g �nal states are also 
onsidered must be in
luded in order to des
ribe

the low z

obs

IP

region.

1

Here, x

IP

is the fra
tion of the proton beam energy that is ex
hanged to the system X , t is the square of

the four-momentum transferred, M

Y

is the mass of the disso
iating proton system where the proton does not

remain inta
t and y is the standard Bjorken s
aling variable.



The partoni
 pomeron model predi
ts the shape of all the di�erential distributions well

(further di�erential distributions 
an be found in [15℄). The overall normalisation fails by a

fa
tor of 3, however. This e�e
t may be the �rst indi
ation of a failure of the partoni
 pomeron

model. The large in
reases in statisti
s that are likely to be available after the upgrade will

resolve this question.

2.4 Di�ra
tive Ve
tor Meson Produ
tion

The elasti
 and quasi-elasti
 produ
tion of ve
tor mesons provide a useful testing ground for

models of di�ra
tion. While Regge theory with a soft pomeron des
ribes photoprodu
tion of

light ve
tor mesons well, pro
esses where either Q

2

or the meson mass is larger show a steeper

energy dependen
e [16{18℄. In perturbative QCD (pQCD), whi
h is expe
ted to be valid for

suÆ
iently large Q

2

or mass, this behaviour is driven by the in
rease in the gluon density of

the proton as x de
reases.

2.4.1 Elasti
 J= Ele
troprodu
tion

Figure 8: Cross se
tions for elasti
 J= produ
tion as a fun
tion of W at di�erent values of Q

2

, measured at

HERA. The 
ross se
tion at hW i = 32GeV and Q

2

= 3:5GeV

2

was measured using events in whi
h one of the

muons from the de
ay J= ! �

+

�

�

was dete
ted in the FMD.

Figure 8 shows photon-proton 
ross se
tions for elasti
 J= produ
tion, 


�

p! J= p, as a

fun
tion of the 
entre-of-mass energyW for several values of the photon virtualityQ

2

. The data


an be des
ribed by QCD models (e.g. [19℄, labelled `FKS' in the �gure) based on the ex
hange

of gluon pairs from the proton. The results [16℄ use data from 1995 to 1997 to provide more



pre
ise measurements in a larger kinemati
 range then earlier analyses. The Forward Muon

Dete
tor (FMD) has been used to extend the 
overage to lower energy, hW i = 32:0GeV, at

Q

2

= 3:5GeV

2

. This has the advantage of narrowing the gap in energy between the other

results from HERA and those from �xed-target experiments, and enables an investigation of

the energy dependen
e whi
h is independent of other experiments. To measure this data point,

events were used in whi
h one muon from the de
ay J= ! �

+

�

�

was re
onstru
ted in the

FMD while the other was identi�ed using the Liquid Argon Calorimeter or the Central Muon

Dete
tor. A sample of events with both muons in the FMD was used as a 
he
k on the dete
tor

eÆ
ien
y. Mass spe
tra for both samples are shown in �gure 9.

Figure 9: Mass spe
tra from events in the low-W J= sample. (a) Events with both muons in the FMD. (b)

Events with one muon in the FMD and the other in the 
entral region, used in the published measurement.

The un
orre
ted data are 
ompared with the sum of a di�ra
tive J= produ
tion model (DIFFVM) and a


ontribution (LPAIR) from the ba
kground pro
ess 

 ! �

+

�

�

.

2.4.2 Elasti
 J= Photoprodu
tion

The strong W dependen
e of the elasti
 J= photoprodu
tion 
ross se
tion is now 
learly

established, with ever more pre
ise data be
oming available [18℄. This strong rise is in
ompatible

with the pomeron of soft hadroni
 physi
s and en
ourages a perturbative QCD treatment.

Figure 10: H1 result for the exponential slope parameter b in �ts to the t distribution in J= photoprodu
tion,

shown as a fun
tion of W , together with a modi�ed �xed target result. The dashed line shows the best �t to

the H1 data assuming the absen
e of shrinkage. The solid line shows the best �t in whi
h shrinkage is allowed.



A further signature for perturbatively tra
table behaviour would be the absen
e of signi�
ant

shrinkage of the forward elasti
 peak with in
reasing 
entre of mass energy. The t dependen
e of

the elasti
 J= produ
tion 
ross se
tion has been studied as a fun
tion of W to see if shrinkage


ould be established [18℄. Combining the H1 data with the appropriate data from �xed target

experiments allowed the W dependen
e of the slope of the di�ra
tion peak to be investigated.

Figure 10 shows the value of the slope parameter b plotted as a fun
tion of W , when the

data in ea
h W bin are �tted to the form e

bt

. The pre
ision of the data is not yet suÆ
ient

to allow a strong statement on the presen
e or absen
e of a W dependen
e of b. A paper is

presently in preparation, whi
h extends this analysis to the dire
t extra
tion of the e�e
tive

Regge traje
tory des
ribing the elasti
 J= photoprodu
tion pro
ess.

2.5 Open Beauty Produ
tion
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Figure 11: H1 and EMC results on the total photoprodu
tion 
ross se
tion for the pro
ess 
p ! b

�

bX . The


urves represent NLO QCD 
al
ulations with varying 
hoi
es for the parton distributions of the proton, the

fa
torisation and renormalisation s
ales.

Due to the very small produ
tion 
ross se
tions, the study of beauty produ
tion at HERA

has barely begun. The �rst H1 measurement of open beauty photoprodu
tion has re
ently been

published [20℄. The te
hnique used was to sele
t an enri
hed sample of semi-leptoni
 b de
ays on

the basis of muons with a p

T

> 2 GeV embedded within jets. The sample 
ontained about 50%

b events with 50% ba
kground with equal 
ontributions from the semi-leptoni
 de
ay of 
harm

and from light hadrons. These ba
kgrounds were measured from the data and subtra
ted to

obtain the beauty signal. The total leptoprodu
tion and photoprodu
tion 
ross se
tions were

measured from the 1996 data. Figure 11 shows the result, whi
h is somewhat above the value

expe
ted from the photon-gluon fusion pro
ess 
omputed at Next-to-Leading Order of QCD.

The higher luminosity data from 1997 and beyond are being used to 
he
k this result and

measure the beauty produ
tion 
ross se
tions as a fun
tion of kinemati
 variables su
h as W

and Q

2

.



2.6 Strange Parti
le Produ
tion

The 
avour stru
ture of the hadroni
 �nal state 
ontains information about the partoni
 
om-

position of the proton and sheds light on the hadronisation pro
ess. The H1 
ollaboration

has re
ently made the �rst measurements of 
harged kaon and pion produ
tion in the low x

domain [21℄. Figure 12 shows the di�erential transverse momentum spe
tra

1

N

dn

dp

�2

T

of 
harged

kaons in
lusively produ
ed in DIS intera
tions. The rate redu
es as the transverse momentum

in
reases.
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Figure 12: The in
lusive 
harged kaon distributions

1

N

dn

dp

�2

T

in di�erent intervals of x and Q

2

. The predi
tions

of QCD-based models are also shown.

There is no large dependen
e on the kinemati
s of the DIS intera
tion. QCD-based models

whi
h use a string fragmentation approa
h determined from e

+

e

�

data are 
ompared with

the data. These models des
ribe the data well, thereby supporting the hypothesis of the

environmental independen
e of hadronisation. The value of the `suppression fa
tor' in low x

DIS, 
orresponding to the ratio of probabilities of va
uum produ
tion of s�s pairs to the lighter

u�u and d

�

d pairs, P(s�s)=[P(u�u) + P(d

�

d)℄ was found to be approximately 0.23.

2.7 Fragmentation Fun
tions and Rapidity Spe
tra in the Breit Frame

Studies of DIS ep pro
esses in the Breit frame of referen
e by H1-UK groups have re
ently

been published [22{24℄. These have in
luded the energy dependen
e of the moments of the

fragmentation fun
tion, invariant energy spe
tra and the 
orrelation between the 
harge of the

hadroni
 �nal state and the 
harge of the s
attered parton [25℄. Two highlights of this year's

work are des
ribed below.



2.7.1 S
aling Violations

In �gure 13, the fragmentation fun
tion is plotted in intervals of the s
aled momentum variable,

x

p

, as a fun
tion of the invariant four-momentum transfer, Q. The fun
tion shows a strong rise

at small x

p

with in
reasing energy whi
h be
omes 
atter in the larger x

p

region. Predi
tions

based on NLO QCD 
al
ulations [26℄ (dotted line) have a tenden
y to overestimate the in
lusive

parti
le produ
tion 
ross se
tion in the small x

p

, low Q region where the available phase spa
e

for fragmentation is strongly suppressed.
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Figure 13: H1 and ZEUS fragmentation fun
tion measurements, plotted for di�erent intervals of x

p

as a

fun
tion of Q

2

. Note that the data for the three smallest intervals of x

p

are s
aled by fa
tors of 10, 5 and 3

for 
larity. The dotted and solid lines show the predi
tions of the `CYCLOPS' NLO QCD 
al
ulation with and

without the power 
orre
tion respe
tively.

These \mass e�e
ts" are negle
ted in the pQCD approa
h but may be taken into a

ount

by means of a \power-
orre
tion" fa
tor of the form

F =

0

�

1 +

 

�

p

h

!

2

1

A

�1



Here, p

h

is the momentum of the �nal state hadron and � is a free parameter that sets the

hadroni
 mass s
ale. The solid line in �gure 13 shows the result of applying this 
orre
tion

(� = 300 MeV) to the NLO 
al
ulation. The agreement with the H1 ep data over the available

phase spa
e is remarkable.

2.7.2 Rapidity Spe
tra

Figure 14 presents the rapidity spe
tra [27℄ for high Q

2

data integrated over all transverse

momenta, and binned in various p

t

intervals. The proton remnant extends toward large positive

rapidity. At low p

t

a 
lear plateau in the target hemisphere 
an be seen. As the average p

t

of

the parti
les in
rease, QCD e�e
ts gradually evolve the 
at plateau into an almost Gaussian

stru
ture peaking near the origin of the Breit frame axis (Y = 0).
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Figure 14: The rapidity distribution in the Breit frame for (a) all 
harged tra
ks and (b-f) the �ve indi
ated

intervals of tra
k transverse momentum, p

BREIT

t

, all at high Q

2

. The error bars show the sum of statisti
al and

systemati
 errors added in quadrature. The arrow indi
ates the position of the origin of the hadroni
 
entre of

mass system for the < Q > (23 GeV) of the data. The histograms show the predi
tions of Monte Carlo models

based on leading order QCD, the solid line utilising a 
olour dipole fragmentation, the dashed (dotted) lines

utilising a parton shower with (without) soft 
olour intera
tion e�e
ts.

Predi
tions based on Lo
al Parton Hadron Duality suggest the presen
e of two distin
t

plateaux with a 9=4 ratio in their respe
tive heights re
e
ting the 
olour 
harge of the dominant

gluoni
 radiation in the target hemisphere [28℄ as opposed to the ex
hange quark in the 
urrent



region. Despite many tests to isolate events in whi
h su
h behaviour might be expe
ted to be

ampli�ed, we have been unable to observe a double plateau stru
ture.

3 Dete
tor Status and Developments

All the dete
tor 
omponents des
ribed below remain the prin
ipal responsibility of UK groups.

During HERA running periods ea
h devi
e requires more or less 
ontinuous attention from

dedi
ated physi
ists, either dire
tly at DESY or remotely from the UK via 
omputer link.

3.1 Data A
quisition and Sili
on Tra
ker Readout

During 1999 the data a
quisition and readout systems 
ontinued to operate and perform reliably.

These systems, whi
h are based on the VMEbus standard, have been des
ribed extensively in

previous annual reports. Opti
al �bres are used to inter
onne
t over 100 ele
troni
s 
rates


ontaining the ne
essary ADCs and several hundred mi
ropro
essors. The introdu
tion of the

PCI standard has 
onsiderably enhan
ed the system potential whi
h, together with Power PC

te
hnology, has resulted in more 
ompa
t solutions performing at in
reased data throughput

rates.

Preparations are now being made for the expansion of the RAL-designed Sili
on Readout

System to 
ater for more dete
tor 
omponents, namely the Forward Sili
on Tra
ker. This will

result in nearly 3/4 million total sili
on 
hannels being read out by the system.

3.2 Ba
kward Calorimeter Timing

The timing ele
troni
s and monitoring pro
edures for the SpaCal lead/s
intillating �bre 
alorime-

ter have also 
ontinued to fun
tion reliably during 1999. No parti
ular problems arose from the

di�erent operating 
onditions implied by the 
hanges in lepton beam 
harge and proton beam

energy. During the year QMW physi
ists provided on-
all expert help and 
ontributed to on-

going analysis work to improve trigger sele
tivity and 
alibration as well as to the publi
ation

of a summary paper [29℄ on this dete
tor.

3.3 Forward Muon Dete
tor and Trigger

The Forward Muon Dete
tor (FMD) and Forward Muon Trigger have performed smoothly

during 1999, despite a 
ouple of hardware problems. The system has been maintained by the

Birmingham and Man
hester groups. The 
urrents drawn by the sense wires in the FMD drift


hambers have in
reased in line with the in
reased beam 
urrents inje
ted by HERA. Hardware

problems o

urred with a mass 
ow meter responsible for determining the gas mixture and with

a CAEN HV module; it emerged that the 
hambers had been damaged but, after a detailed

study, it was 
on
luded that the damage was not permanent. No e�e
t on tra
k re
onstru
tion

was observed, and sin
e the e�e
t was in a post-toroid layer, it did not interfere with the use

of the pre-toroid layers as a veto for di�ra
tion analyses.

In 1999 the H1 publi
ation on 
harmonium produ
tion [16℄ in DIS in
luded a 
ross se
tion

for low W elasti
 produ
tion of J/Psi measured using the FMD. A similar measurement for

photoprodu
tion is to be in
luded in a forth
oming H1 paper.



3.4 Forward Tra
k Dete
tor

The Forward Tra
k Dete
tor (FTD) has performed well during most of 1999 under the dire
t


ontrol of UK physi
ists resident at DESY, with monitoring and 
alibration in the hands of

UK based s
ientists via remote 
omputer link.

In O
tober a serious leak o

urred in the 
ooling system between the Central and Forward

Tra
k Dete
tors. In order to keep the temperature of the dete
tor-mounted pre-ampli�ers of

both the FTD and the 
entral tra
ker within safe limits, it proved ne
essary to run without

power to the FTD Radial 
hambers. The resulting 7% loss in FTD tra
k �nding eÆ
ien
y

and 15% degradation in pre
ision are unfortunate but unavoidable 
onsequen
es of that safety

requirement, whi
h ensures that the ele
troni
 and stru
tural 
omponents of the FTD 
hambers

survive undamaged for the upgrade. Repair of the leak will take pla
e during the next HERA

shut-down.

4 Upgrade Proje
ts

The UK groups are responsible for two major proje
ts for the forth
oming upgrade, whi
h will

ensure that we exploit fully the in
reased luminosity after 2001.

4.1 Forward Tra
k Dete
tor Upgrade

There were signi�
ant developments in the programme to upgrade the H1 Forward Tra
k De-

te
tor (FTD) [30℄ during 1999. Firstly, the design of the stru
ture that will support the GO

magnet that is to extend through the foremost two thirds of the FTD was 
ompleted; the

support required will be mounted between the Central and Forward Tra
k Dete
tors and 
an

only be a

ommodated if the FTD is shortened somewhat. Se
ondly, as the operation of the

Planars proved to be more stable than that of the Radials during high ba
kground positron-

proton running, the de
ision was taken to remove not only the MWPCs and the Transition

Radiators from the FTD, but also the Radials and use the spa
e so 
reated to insert not three

new Planars, as originally planned, but �ve. The resulting upgraded FTD design is shown

in �gure 15. Note that the new Planars 
ontain 8 sense wires as opposed to the 4 wires in

the original 
hambers. This aids resolution of the left-right ambiguity and further improves

the pattern re
ognition 
apabilities of the FTD. The design of the new Planars was 
ompleted

early in the year and 
onstru
tion started at Daresbury on
e the ne
essary 
lean room spa
e

had been built. Two 
hambers have now been 
onstru
ted and are under test. The Daresbury

team 
an produ
e two 
hambers a month, allowing the 
omfortable 
ompletion of the 
hambers

required for installation in H1 within the HERA upgrade s
hedule.

The software needed for the simulation, readout and 
alibration of the upgraded FTD

is being developed in parallel with the 
onstru
tion of the new Planars, as is the ne
essary

re
onstru
tion 
ode.

4.2 Tra
k Trigger Upgrade

A high resolution Fast Tra
k Trigger (FTT) [31℄ is being built for implementation in H1 after

the luminosity upgrade in 2000 in order to extend the triggering 
apabilities for ex
lusive �nal

states involving tra
ks. This is aimed at enhan
ing the trigger eÆ
ien
y for ex
lusive physi
s

in the absen
e of any high p

t

parti
les, thus allowing pre
ision measurements of rare pro
esses

su
h as D

�

produ
tion using the high post-upgrade luminosity. The proje
t represents one of

the most ambitious attempts to re
onstru
t tra
ks with high pre
ision down to low p

t

in the real



Figure 15: The plans for the Upgraded Forward Tra
k Dete
tor.

time environment ne
essary for triggering in high multipli
ity events at a 
ollider. Extremely

good sele
tivity is a
hievable by 
ombining the tra
ks to form invariant mass 
al
ulations.

The aim is to have tra
k information from the Central Jet Chamber with whi
h to make

basi
 sele
tions at the �rst level trigger (L1), full tra
k based sele
tions at level 2 and kinemati


sele
tion using 
ombinations of tra
ks at level 3 (the latter in around 100 �s). The UK groups

have undertaken the design and 
onstru
tion of the L1 part of this system. As illustrated in

�gure 16, this requires the digitisation of the analogue signals from the drift 
hamber, highly

parallel \Q=t" analysis, lo
al tra
k segment �nding in fast FPGA arrays and appli
ation of

the L1 trigger logi
, all within 2:3 �s of the intera
tion. The segment information is then

distributed appropriately for the later tra
k linking and �tting in the L2 system.

A proposal was submitted to the PPESP for its September meeting with an open presenta-

tion given at the De
ember meeting.

5 Summary

The UK groups have 
ontinued to be prominent in all areas of H1 a
tivity, taking leading

roles in physi
s analysis, dete
tor maintenen
e and upgrade proje
ts. 1999 saw easily the

largest volume of data 
olle
ted in a single year to date. The analysis of this data is likely to

yield many ex
iting results in the 
oming years. With the HERA upgrade due to 
ommen
e

in September 2000, still larger luminosities are soon to be expe
ted. The future of the H1
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Figure 16: Blo
k diagram of the Fast tra
k Trigger algorithm for �nding tra
k segments from groups of three
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experiment therefore looks bright for several years to 
ome. The UK groups intend to 
ontinue

to be at the forefront of this 
utting edge experiment.

6 H1 Publi
ations 1999

The following papers were submitted to a
ademi
 journals by the H1 Collaboration between

De
ember 1998 and De
ember 1999.

1. \Measurement of D

�

Meson Cross Se
tions at HERA and Determination of the Gluon

Density in the Proton", Nu
l.Phys. B545 (1999) 21.

2. \Measurement of Dijet Cross-Se
tions at Low Q

2

and the Extra
tion of an E�e
tive

Parton Density for the Virtual Photon", DESY 98-205, to appear in Eur. Phys. J.

3. \Measurement of Internal Jet Stru
ture in Di-jet Produ
tion in Deep Inelasti
 S
attering

at HERA" Nu
l.Phys. B545 (1999) 3.

4. \Elasti
 Ele
troprodu
tion of �

0

Mesons at HERA",DESY 99-010, to appear in Eur.Phys.J.

5. \Charmonium Produ
tion in Deep Inelasti
 S
attering at HERA", Eur. Phys. J. C10

(1999) 373.



6. \A Sear
h for Leptoquark Bosons and Lepton Flavor Violation in Positron-Proton Colli-

sions at HERA", Eur. Phys. J. C11 (1999) 447.

7. \Measurements of Transverse Energy Flow in Deep-Inelasti
 S
attering at HERA" DESY

99-091, a

epted by Eur. Phys. J.

8. \Forward �

0

-Meson Produ
tion at HERA", Phys. Lett. B462 (1999) 440.

9. \Measurement of Neutral and Charged Current Cross-Se
tions in Positron-Proton Colli-

sions at Large Momentum Transfer", DESY 99-107, submitted to Eur Phys J.

10. \Measurement of Open Beauty Produ
tion at HERA", Phys. Lett. B467 (1999) 156.

11. \Investigation of Power Corre
tions to Event Shape Variables measured in Deep-Inelasti


S
attering" DESY 99-193, submitted to Eur. Phys. J.

7 Theses

The following theses 
on
erned with H1 were submitted by students from UK institutes between

De
ember 1998 and De
ember 1999.

1. \A Measurement of Jet Cross Se
tions at Low Q

2

and an Interpretation of the results in

terms of a Partoni
 Stru
ture of the Virtual Photon", Mark Smith (Liverpool).

2. \Open Charm Produ
tion in In
lusive and Di�ra
tive Deep-Inelasti
 S
attering at HERA",

Paul Thompson (Birmingham).

3. \The Di�ra
tive Produ
tion of J= Ve
tor Mesons with High Transverse Momenta at

HERA", Dun
an Brown (Man
hester).

4. \High Transverse Momentum 2-Jet and 3-Jet Cross Se
tion Measurements in Photopro-

du
tion", Paul Bate (Man
hester).

8 H1 Conferen
e Presentations 1999

Conferen
e presentations 
on
erned with H1 a
tivities made between De
ember 1998 and De-


ember 1999 by members of the UK groups are listed below.

1. E. Rizvi, \Neutral and Charged Current DIS at high Q

2

", 13th Topi
al Conferen
e on

Hadron Collider Physi
s (Hadron13), Mumbai, India, January 1999.

2. A. Mehta, \The Outlook for HERA", 13th Topi
al Conferen
e on Hadron Collider Physi
s

(Hadron13), Mumbai, India, January 1999.

3. J. Dainton, \The Stru
ture of Hadroni
 Physi
s", Max Born Le
ture, Annual meeting of

the German Physi
al So
iety, Heidelberg, Germany, Mar
h 1999.

4. T. M
Mahon, \Studies of real and virtual photon stru
ture at HERA", 34th Ren
ontres

de Moriond: QCD and Hadroni
 Intera
tions, Les Ar
s, Fran
e, Mar
h 1999.

5. B. Cox, \High t di�ra
tion at HERA", 7th International Workshop on Deep-Inelasti


S
attering and QCD (DIS99), Zeuthen, Germany, April 1999.



6. P. Newman, \H1 Measurements of Open b Produ
tion", 7th International Workshop on

Deep-Inelasti
 S
attering and QCD (DIS99), Zeuthen, Germany, April 1999.

7. D. Kant, \Fragmentation fun
tions and rapidity spe
tra in the Breit frame at H1", 7th

International Workshop on Deep-Inelasti
 S
attering and QCD (DIS99), Zeuthen, Ger-

many, April 1999.

8. B. Cox, \High t Di�ra
tion", Institute of Physi
s Conferen
e, Salford, April 1999.

9. B. Waugh, \Elasti
/Di�ra
tive Ve
tor Meson Produ
tion in Photoprodu
tion", Inter-

national Conferen
e on the Stru
ture and Intera
tions of the Photon (PHOTON99),

Freiburg, Germany, May 1999.

10. P. Thompson, \Produ
tion of D

�

mesons in deep-inelasti
 di�ra
tive intera
tions at

HERA", International Conferen
e on the Stru
ture and Intera
tions of the Photon (PHO-

TON99), Freiburg, Germany, May 1999.

11. T. Greenshaw, \Forward Jet and Hadron Produ
tion at Low x and Q

2

", Ringberg HERA

Phenomenology Workshop, Bavaria, Germany, May 1999.

12. J. Dainton, \Low x Physi
s", Frontiers of Matter (Ren
ontres de Blois), Gif-sur-Yvette,

Fran
e, July 1999.

13. P. Newman, \Introdu
tory Talk on Low-x and Di�ra
tive Physi
s", UK Phenomenology

Workshop on Collider Physi
s, Durham, UK, September 1999.

14. B. Cox, \Summary Talk on Low-x and Di�ra
tive Physi
s", UK Phenomenology Work-

shop on Collider Physi
s, Durham, UK, September 1999.

15. J. Dainton, \Ele
tron-Proton Physi
s at HERA - Beyond the Beginning", International

Workshop on Symmetry and Spin (PRAHA-SPIN '99), Prague, Cze
h Republi
, Septem-

ber 1999.

16. J. Dainton, \Low x Physi
s", International Workshop on Symmetry and Spin (PRAHA-

SPIN '99), Prague, Cze
h Republi
, September 1999.

17. D. Milstead, \Fragmentation and Power Corre
tions", XXIX International Symposium

on Multiparti
le Dynami
s (ISMD99), Rhode Island, USA, Aug 1999.

18. A. Mehta, \Latest Results from HERA", 7th International Symposium on Parti
les,

Strings and Cosmology (PASCOS99), Lake Tahoe, USA, De
ember 1999.

9 H1 Conferen
e Submissions 1999

The following papers were submitted by the H1 
ollaboration to the International Europhysi
s

Conferen
e on High Energy Physi
s (EPS 99), Tampere, Finland and the International Sym-

posium on Lepton and Photon Intera
tions at High Energies (LP99), Stanford, USA.

1. EPS99 Abstra
t 157s, \Sear
h for events with an isolated high energy lepton and missing

transverse momentum at HERA"

2. EPS99 Abstra
t 157u, \Test of the Standard Model in high E

T

jet produ
tion at HERA"



3. EPS99 Abstra
t 157
, \A Sear
h for Leptoquark Bosons and Lepton Flavor Violation in

Positron-Proton Collisions at HERA"

4. EPS99 Abstra
t 157f, \A Sear
h for Conta
t Intera
tions in Neutral Current S
attering

at HERA"

5. EPS99 Abstra
t 157ai, \Measurement of Neutral and Charged Current Cross-Se
tions in

Positron-Proton Collisions at Large Momentum Transfer at HERA"

6. EPS99 Abstra
t 157b, \Measurement of the Neutral and Charged Current Cross Se
tions

in Ele
tron-Proton Collisions at High Q

2

at HERA"

7. EPS99 Abstra
t 157p, \Measurement of D

�

Meson Cross Se
tions at HERA and Deter-

mination of the Gluon Density in the Proton using NLO QCD"

8. EPS99 Abstra
t 157r, \Measurement of Dijet Cross-Se
tions at Low Q

2

in ep Collisions

and the Extra
tion of an E�e
tive Parton Density for the Virtual Photon"

9. EPS99 Abstra
t 157j, \Study of the photon remnant in resolved photoprodu
tion and

low Q

2

pro
esses at HERA"

10. EPS99 Abstra
t 157ad, \Dijet Cross Se
tions in Photoprodu
tion and Determination of

the Gluon Density in the Photon"

11. EPS99 Abstra
t 157g, \Test of QCD Dynami
s at Small Parton Momenta x at HERA"

12. EPS99 Abstra
t 157, \Determination of the Strong Coupling Constant from In
lusive Jet

Cross Se
tions"

13. EPS99 Abstra
t 157, \Measurement of Di�erential Jet Produ
tion in Deep-Inelasti
 S
at-

tering at High Q

2

at HERA"

14. EPS99 Abstra
t 157 \Study of Three-Jet Produ
tion in Deep-Inelasti
 Positron Proton

Collisions at HERA"

15. EPS99 Abstra
t 157x, \Measurement of Internal Jet Stru
ture in Dijet Produ
tion in

Deep-Inelasti
 S
attering at HERA"

16. EPS99 Abstra
t 157ae, \Di�ra
tive dijet ele
troprodu
tion at HERA"

17. EPS99 Abstra
t 157m, \Measurement of Leading Proton and Neutron Produ
tion in

Deep Inelasti
 S
attering at HERA"

18. EPS99 Abstra
t 157ag, \Measurement of the produ
tion of D

�

mesons in deep-inelasti


di�ra
tive intera
tions at HERA"

19. EPS99 Abstra
t 157o, \Charmonium Produ
tion in Deep Inelasti
 S
attering at HERA"

20. EPS99 Abstra
t 157aj, \Inelasti
 Photoprodu
tion of J= and  (2S)"

21. EPS99 Abstra
t 157n, \Proton Disso
iative and Elasti
 Ele
troprodu
tion of �

0

Mesons

at HERA"

22. EPS99 Abstra
t 157k, \A study of event shape variables in deep-inelasti
 ep s
attering

at HERA"



23. EPS99 Abstra
t 157l, \Transverse energy 
ow in deep-inelasti
 ep S
attering at HERA"

24. EPS99 Abstra
t 157h, \A study of in
lusive identi�ed 
harged parti
le produ
tion in

deep-inelasti
 s
attering at HERA"

25. LP99 only, \W Produ
tion in e+-p 
ollisions at HERA"
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