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What's new for HERA |1 and what does it mean
for HQ physics—areminder ..

HQsin DIS, diffraction, photoproduction
Spectroscopy —istherearolefor HERA 117

Pr oduction mechanisms

Singlet production?

Summary
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HERA Il Physics

Both ZEUS & H1 have made major upgradesin order to
utilisetheincreasein HERA luminosity to the full.

FMNC 106 m
F s - mn
e W FPS 2200 m

FRC proposals mndifications
: .- :-.--- -I :--- ------.I — .-I- 1= -...l. - -

| [|Jet Trigger
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Vertex Region

® TheZEUSMVD mostly 3layersin barrel and 4
forward whedls; > 200K readout channels.
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Vertex Region

® H1S —2verythin CST layers; 5diskscovering8<0 < 17°
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Forwar d Physics

® ZEUS major upgradein forward direction replacement of
TRD’swith two stations of straw-tube chambers each with

3 stereo layers.

' L Bachinerd.
F'r-n-p Chamber

E

— . 4 ..,_.. Forward
H1 havemade [SAH = -___...u -t
Improvements =R Laminosity Systen
_ =R R
tovarious parts -

. = Forw._/Bockword §
of their tracking ,-

systems.
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Forwar d Physics

H1 forward disks 2

Acceptance of Heavy Quarks
Deep Inelastic Scattering

I
- B

Q°< 100

1 ® only g >1.3
O CST
AE4FSTHBST

& Filss.a

H1 FST

® gl<l3.0
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Extends charm coverage
to higher x —similar
Improvement for ZEUS
Sl disksand STT.

"'5_ in the NLO DGLAP scheme

| | L I B 1 | 1 1 z
LSl T 3504 eV
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-

i,

2 -5 3
log x
K. Daum, Study for HERA-2, for 10pb-L;

stat emors only




Vertex Physics

H1 fast track trigger —now installed and being
commissioned — can produce mass peakswithin 100 ps.

e
m,. [GeVic’]

0.14 0.15 0.76
m,_-m, [GeV/c]

K
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HERA || prospects

® So optimistically HERA 11 promisesfactor 5increasein
luminosity, with lepton polarisation, greatly improved
tracking, DAQ and triggering.

e Thisimpliesgenerally order of magnitude improvement
In statistics and increased kinematic range and cover age.

e What doesthis mean for the physicsreach of HERA 11?
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HQIn DIS

HERA | hasalready told usa lot about the charm quark
density inside the proton.
HERA F,

0 =2 GeV? 4 GeV* i e % = i, DM (2 4™)
o _III. D5-17 x = db,IHEIS = 4"
- i“ 5 'JH-'IH.: .« % = (LMHOT (= 4"
& ZEUS 06-97 ]
¥ ]
=22 FEUS NLO v il

y = iLIMILE (= 4

e : I
D : W (LMD E (= 4™

o= 0003 = 4%

o ]
i‘n‘\ x = (L3S g 4"
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k] N o L] - i : '}
1 Gev™ ey L ..r___.._,_. w o= (L0 (= 47}
’ _,p--"'"‘" x = 00008 (= 4"}

e X = 0001 (4™
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- B x =ik
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= LELS 9500 1
ﬂ}'.E:l_."i'-lﬁJ'J'T - 'I.—“.:EI;I“IHH
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HQIn DIS
Some of the open questions ar e obvious.

LA B IR B T T T T i T F R oo
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HQIn DIS

® Someare(much) more obscure.
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HQIn DIS

@ Thepromiseof HERA Il isgreat, since charm production
In DISissensitive probeto all sorts of dynamical models.

FELUS
IP Sat-Mod, m = 1.3 Gel

o)

Satur ation model
of Kowalskl &
Teaney.
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HQIn DIS

The D* tagging method in D* ? Kmrgwill not be as effective
(@ ZEUS) because of increased multiple scattering from
the MVD.

However thiswill be morethan offset by ability to use
separated vertex or large impact parameter tag, as already
demonstrated at HERA | by H1.

D™ reconstruction

T _
D" = Kn'n'

[ candidates / 20 MeV/c’ ]
[ candidates / 20 MeV/c’ ]

Ino CST life time tag CST life time tag: S, > &

T T T T

1.7 1.8 1.9 2 1.7 1.8 1.9 2
m(Knm) | GeV/c’ ] m(Knm) | GeV/c’ ]
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HQIn DIS

® We will need substantial part of the HERA |1 statisticsto
resolve many of theinteresting issuesin charm in DI S, even
with substantial improvement in tagging efficiency.

0,08
- L L eading Order -
P2 - Thorne, Roberts b
. 1 N :':=ﬂ|:}5
0.3 - P———— 1998 o o B
ZM-WFNS
| x=0.005
02 0.04
m =1.35
| I 0. 02
n. i [ (| - i i1 n . |:| llllllllllll il i [ ] i i i ik i
1 ¥ 0 (GeV |:'] 10 11 1 10 Q° |:G'E'1l.|r2} 10° 10

® Themechanism totake charm massinto account can give
substantial mods. to theoretical expectation as function of Q2 at

higher X. Intrinsic charm can also modify these predictions
but unlikely we can get useful info. on thisat HERA 11.

Brian Foster - HQ physics @ HERA ||




Very precise

measur ements of F,cwill
be possiblefor HERA 11,
also gives accur ate
gluon deter mination and
cross-check with the
mor e global QCD fits.

Accurate b contribution

to F, will become ._
possible — cr oss-check of ul
VENS and clean test of

photon-gluon fusion ol

pr Ocess.
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HQIn DIS
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HQIn DIS

HERA |1 should allow both collaborationsto make a full
flavour decomposition of the inclusive F, structure function.
For example, charm signal in ZEUS
charged currents (expect ~50K &
events) in principle measures
the ssquark density (+ leading : N
particlesin NC etc.; but also 04l = edn )
competing non-sdiagrams from

gluon splitting in CC).

o FEUS 95-97

da/d }f]_l (nb)

Constrain fit with sfrom
leading @?

At HERA 11, both singlet &
non-singlet pdfs- u,d,s (CC DIYS)
& ¢,b,g (NC DIS) - can be

deter mined with good accuracy.
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HQ & Polarisation

Polarisation in DISwill beauniquetool @ HERA |1
for exploring EW couplings.

In principlethe spin orientation of the struck quark
can carry through a memory into the final-state

hadron.

In c and b production, one can be surethat the struck
guark isin one of thecor b hadronsand thereisa
correlation between the detected heavy-quark hadron

and the struck quark.

Using weak decay of A, can analyse for spin orientation of
struck quark and hence disentangle spin-dependent os.
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HQ & Polarisation

2 10000 M peteny s

< By '”T+H.+*m‘%

2 oy,

5 Tt ]

@ et |
- g e B000 | o

But first signal reported for g
S ® ZEUS (prel.) 1899-2000

Inclusive A production

' ’ — Gauss™™ + P1
reported at thisyear’s 9000 | : | |
confer ences, so difficult to :(DHWE_;E::;HML il 1 ?:u
believe that statistically 4000 |- i} > 3.8 GeV. Inig] <1

. s N(A_) = 1390 + 380
significant results can be

obtained via this —
technique.

M{Kpr) (GeV)
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HQ in Diffraction

The structure of diffraction and its mechanism and
explanation in the framework of pQCD isone of the most
fruitful areas of HERA | physics.

., ZEUS | |

PP - ST

In thecharm sector, very e oo
- [ N :".HIF WMTW R

strongly limited by statistics. Egyes L St |

- ! L oni
X = ¥
= 1= 1

(2] -
s
b

- k 1
W LIS s _u.im_-.

However, also very good ;
discrimination amongst O i
models — one of the areas 0.006

where we will most o

benefit from the statistics o002
of HERA I1. ) Finswersii
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HQ in Diffraction

Charm production cf inclusive F, will also be additional
constraint on gluon pdf of diffractive exchange.

|n exclusive processes,
the heavy c quark
givesclearly different
behaviour to light

guarks—opening the
relationship of QCD
models of diffraction.

One of the areaswhere
oneclearly seesthe effect g

-

of m.asahard scale.
Again, in all of these
studies, the statistics of
HERA Il will be decisive.
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HQ in Diffraction

Diffractive VM production in photoproduction now in

much better agreement between H1 and ZEUS.
H1: vp — Jiyp

- o HI199-00 J/y — |H+IL|._[[}I‘{1“[]1.]

Some statistics gain Still e e 4
to be expected at the :
highest W, and some
extra kinematic reach
from the extended
tracking in the detectors,
but generally HERA 11
data will not add so

. 45 — FMS (CTEQ4L, 1=4) ‘
much to the current Y --= MRT (CTEQ5M) |

picture. R4 MRT (MRST99)
ST e e 200 280 300

W [GeV]
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HQ in Diffraction

Diffractive J/Y production in photoproduction at
high t sensitivetool to QCD evolution in diffraction.
Again, obviously
statistics limited

and these type of
studieswill greatly
benefit from HERA 11
data; the very distinctive
final state and kinematic
regime should allow
efficient triggers at
HERA 1. — BFKLLL (fixed o)
Saturation models can A - = BFKLLL +NL (fixed o)
also describe many | i ahisiilice

1ﬁu 200
features of J/ data. W_ [GeV]

-k
(=]
B3

B 2<|t<5GeV*
® 5<|t| <10 GeV*
Y 10<|t| < 30 GeV*

. »!”"/Lﬂ

a(yp — JIyY) [nb
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HQ in Photoproduction

|n general statistics not a problem with photopr oduction
results, except where extra reguirements on tagging — e.g.
double et tags.

T 450 ) ® H199-00 (prel.)
p ac —— Pythia
However, westill have [ECEEY . Pythia res. = excit
! weeeeeens PVYEHI Ived
consider able work to X L— VTR TeROIE
o | =m-- Cascade
do to understand the T 250
details even of relatively = i $
simple quantitiessuch  ECENNIREREREE 3 4= _$_
asinclusive differential £ s
Cr 0SS sections. T g
ﬂE'-"-'-'-"-'-"-'-'-"-'-J’"'“'""'""*"'“""'“"+"|'"|“F“I“+"F"I'"I"F“i"'l"f"l'"|“
-1.5 -1 -0.5 0 0.5 1 1.5

n (D7)
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HQ in Photoproduction

Study of angular ZEUS

distributionsin dij et 2 | o LS 1996 - 2000 =
eventswhereone of IR R Pl
thejetscontainsa D* B -~ NLOQeD I

Jet energy scale uncertainty

can disentangle the
dynamics of the
C-production process.

In principle, this
method, with greatly
Increased statistics
at HERA |11, can lead

to deter mination of 008 206 04 02 02 04 0.6 0.8
C (and g) denSIty in « 7y direction cosO p direction —

Y.
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Since char m tagging
worksover awiderange
of momenta, hasrather
high efficiency and high
purity, charm is a useful
method to look at
fragmentation.

The study of all these
charm particles has
allowed the deter mination
of fragmentation probs.
tou,d, ratios of P/V,
strangeness suppression etc.
to~5—-10%. Thiscan

certainly be improved at HERA |1.
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Combinations / 8 MeV/

HQ in Photoproduction

600

500

400 |-
300
200 |-

100

1 }4 :

!

e ZEUS (prel.) 1998-2000

~ — Gauss™ + Gauss™ + EXP

130 = W < 300 GeV, Q° < 1 GeV*

P.(D:,0%) > 3.8 GeV, (D’.D%)| <16

N(D,) = 1086 + 85

N(D'} = 229 + 62

1 : 1 1 1 1 | 1 ' 1 1 ! L 1
1.8 1.9 2
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HQ in Photoproduction

By looking at events
containing leading

neutrons and a char m

tag, we can get a
handleon thec (& Q)
density in the 1t

Thisisaclassc
“double-tag”
experiment which
needsthe increased
statisticsof HERA 11
(and more!).
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ZEUS
« ZEUS (prel.) 1998-2000

RAPGAP 2.08/06 (OPE)
-eeeeeo HERWIG 6,301 (incl.)




B production

B production both in

b Cross Sections at HERA

photoproduction and = Sl P —
DISisreally in its Z8F K H bl

: - H1  bsuX Imp-Pare p’s (prel,
Infancy at HERA I and ; T o ZEus D uX (Rapidity = = 1) (prel.)

B ZEUS o, (juX) p” (prek)

will be a major study
at H ERA I I 0 & zeus i 1%} Pr;I{FIIEIJ 1

@ Hi o, (linX) Imp-Pars 7 (prel,)
The most recent results
fromH1 & ZEUS for
photoproduction imply
a much smaller
discrepancy between

dataand NLO QCD
Related to differencesin
extrapolation from meas.
o for fully inclusive and dijet final states.
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B production

Good agreement
between H1 & ZEUS,
and with NLO QCD.
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Data/Theory

I

Beauty Production

|

ep — abbX — ejuX
®
A

H1 (Prel.) -0.55<1" <11 |
ZEUS (Prel.) 161" =23

NLO QCD = Had

Q' -1GeV: 02-y-08

LR IF]

p, = T(6) GeV: 0" =25




B production

Jetweb — http://|etweb.hep.ucl.ac.uk
allows comparison between

different experimentswith
Im Ierner]tatlon Of Cross sectian far FIT}F:ITTTI”'I I[I"IIZII:I

exrl)jerimental cuts. 30007 ¥ ‘yb‘<1 ke
Comparison with PYTHIA #5007 4
LO +PSscaled toHERA jet  UEaaaB|
o predictsHERA & Tevatron Bikasd
etc. a(b). 18T

Inclusive single b cross section, |y| <.

I
—a—

There may still be a problem 70T - i
with the QCD prediction of )3 0 s
o(b) being too low — but it is UA1 pTmin (Gev /o)

surely lessthan we thought
and thiswill have to wait LLLL
for HERA I1.
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However, at |least
In DIS, we seem to
have a reasonable
under standing

of the differential
Cr 0SS sections al so.

But we need many
morethan 3 bingl
=> HERA II.
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B production

do/dQ® (pb/GeV?)

ale’p

il

10

ve bbX — e’y JetX) :

ZEUS (prel.) 99-00
NLO QCD (HVQDIS)
4.5 <my, = 5.0 GeV

1.-'4.:[}-’.“-_1”1ﬁj. < _u"' < -1|:{}£+4-T|i‘f'l ]

005=<y=<07

P, >2GeV, 30° <8, < 160° -
EF™>6GeV, 20 W <25

$

10

10

Q’ (GeV?)
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B production

One of thethings we
have seen start at
HERA | hasbeen the
use of the vertex
detectorsto do
vertex tagging.

SO0EGA0E 00011

Beauty event candidate
(transverse plane)

Primary vertex

Thiswill bethe name
of the game at
HERA II.
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Charm spectroscopy In yp

@ ThelargeHERA | data sample gavethe opportunity to make
useful contributionsto charm spectroscopy.

_ ® Rich spectrum - D, ,D.,* establisned;
Prolminary 110 pb’ D*’ seen by DEL PHI, not OPAL/CLEC

=
o
=
n
[1)]
c
0
o
£
o
E
<]
&

-- Backgr. wrong charge

| | | | |
24 25 286 27 28 28
M(Knzx,) - M(Kzn) + M(D') (GeV)

Combinations / 5 MeV

235 24 245 25 23 235 24 245 25
M(Knx_x,) - M(Krr) + M(D) (GeV)
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Charm spectroscopy In yp

® However, theB and c/t factories are now going full steam
ahead and will make even the HERA || data samples
insignificant e.qg. in 2004, CL EO-c plans 6M tagged D decays.

(01

oD
o

I~
s |

Nno
o

>
0
2
ﬂ.
s
L
-
0
>
L

—_—

u - [} i i 5 i 1 P i i i 1 5 i i i 1 5 i i i 1
-0.2 -0.1 0 0.1 0.2
m(Kn')»-m(D°%) , GeV/c?

Brian Foster - HQ physics @ HERA ||



Charm spectroscopy in CDF

@ Andthat iseven beforethinking about CDF....

COF Run Il Proliminary 5.8 pb'

e Trigger on displaced tracks,
accepts both bottom & charm.

e Reconstruct large samples of
charm hadrons
>85% prompt charm!

0+ —D"s*, D" —K'n*

2
for]
(=]

]

P BGeWic

M{D* = 5515+ BS

5
=
©
=
™
=
L]
@
a
=
t
T

Yields shown for 5.8pb"! i 7 E—y T ee

M{Knn)-MKr) [GeVic']

. A
CDF Run Il Preliminary 5.8 pb COF Run Il Prefiminary 5.8 pb’

| D°.0) et o=l K p,> BGeVie

. + NiD"j=28361+294
CHN(D )= 502+ 43 ND = B51+ 4]

Entries par 5 MaVic o
Entries | 2 MeVic®

1 ¥ L i 1 i 1
2 2.1 P . 1.4 2 1
M{KKx) [GeVie] Mass{Kr) [GeVic']

® For “standard” spectroscopy, HERA Il not competitive.
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Char m spectr oscopy

However HERA |1 can reach statesthat other machines
cannot reach — e.g. states coupling strongly to gluons can
be copioudly produced at HERA.

Not obvious why such
states should want to
decay to charm; but
then we didn’t expect
toseethem in
light-quark decays
either.
Pentaheavyquarks?

HERA Il can docharm
spectr oscopy — we should

look in those placeswhere
we ar e competitive.
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Production mechanisms

@ Asan eectron-proton collider, HERA |l hasaccessto
unique production mechanismsthat can provide strong
tests of QCD.

—

= LEUS (prel) 1996-2000

. b=
HZ (CE+C0) “i

KL (CT) g
%h
i

|:mr‘ |-
N .
1 (pbiGeV’)
-
B
o/
|

1K
daidp

il

-

1 TR T TErTT

-l

do/dQ’ [ pb/GeV?]

-
=,
=l

-
=]

T T T T TI T TT

W

[ ]

:  LE (ki, TS) rev, June 03
L (C8) rev. Junae 03
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Production mechanisms

ZEUS ZEUS

f T T T T I T T T T I T T T T
® ZEUS (prel.) 1998-2000 ® ZEUS (prel.) 1998-2000

[ Kz (CS+COo)

[ ] KZ(CSs)

=== LZ (kt, CS) rev. June 03
KZ (CS+CO) \
KZ (CS) . \\

» LZ (CS) rev. June 03
LZ (kt, CS) rev. June 03
LZ {(CS) rev, June 03

=
=
i

Fud

2
do/dY™ (pb)

da/dp}” (pbiGeV’)

-
a
ULRLLELY I R

*‘hll IIIIIIIIIIIIIIIIlIIII|IIII|IIII|IIII|IIII|IIII

e Rather good general agreement between Lipatov-Zotov
and the data.
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| nter play with
Tevatron can give
extra constraintson
relative importance of
CO & CS; large
uncertaintiesin MEs
mean not So obvious
that HERA |1 statistics
very helpful without
significantly more
theoretical work.
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da(y p — Jiy X)idz (nb)

Production mechanisms

50
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Study of the J/y
polarisation gives
nor malisation-

Independent |

Infor mation to
discriminate
between

models. 'f

Clearly much

MOor e accur ate

dataat HERA || B

required —and

Production mechanisms

[ 8Ky (LD, CS+C0)

I w ----- BEY (LD, CH)
l : | R e
E— ———
- ZEUS [prei.} 8800 {114 pb™") -1
o Hi 96—00 (BT po™) -z
................
B 2 2B 3 BB 4 4B o
h{aﬁf’}
[ -
r =) 3 8KV (LD, CS+Ca) 2 |
- BHY (LD, CF) i

» PEUS [pral) 98—00 {114 pb™)
o H1 E—00 (BT po™h -2

1.5 2 .5 3 1.5 4 4.5 5
By (GaV)

preferably lessuncertainty in theory.
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Production mechanisms

LZEUS 199597

One process at |east
wher e we know

HERA Il will bevital,
and which may well be
a help in unraveling the
J/P problems,

IS 7 production — at
HERA | we barely (?)
saw elastic production,
let alone inelastic.
However, we probably
can expect only < 100
eventseven at HERA ||
- probably not enough.

Evenis/ 200 Mel

Events/ 200 MeV

r"r'laf-.::-.l + - (%)
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Single top production

HERA cannot producett pairsand single production
IS highly suppressed in the SM — FCNC pr ocess.

® Observation of eventswith high p, lepton, jet and
high missing p, sensitive to this process —and lots of other
things.
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Single top production

® Asiswell known, thereis an excess of such eventsin H1,
although not in ZEUS and not in either experiment
In the hadron channel.
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Single top production
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Single top production

e Finally ZEUS seesan anomaly wrt Standard M odel (?)

® See?2eventswith p* > 25 GeV?c.f. 0.12+0.02 from SM.
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Single top production

Thisisperhaps = ZEUS S —

—
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most important ¥ |
areawherejust M =170 GeV
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the statisticsgain __ M, =180 GeV
(and the better
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® Heavy quark physicsat HERA | has been exceptionally
rich. Not only have we measur ed production cross sections
over wide range of Q?, we have made contributionsto
QCD understanding of heavy quarks, to spectr oscopy
and to diffraction.

e HERA Il promises much. Therewill befactorsof ~5in

Integrated luminosity; the tagging efficiency and kinematic
reach for heavy quark measurements will increase because
of the improvementsto the detectorsin general and the vertex

detectorsin particular.

Many areaswill benefit — particularly DIS and heavy quark
structure functions, and everything to do with B production.
Thisisavery exciting prospect indeed.

Brian Foster - HQ physics @ HERA ||




® HERA |l isstarting up in earnest —first data

are starting to come through.

PT=50 Gel
Q2=6000 GeV 2

Plie)=95 GeV
Q2=1401) eV 2

® TheS detectors, although being baked nicely, are not
yet cooked and still there and working...
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® Background conditionsunder study.

e ZEUS- reflected synchrotron rad.
greatly reduced. Particle
backgrounds also look good
If machine carefully tuned.
Proton-related backgrounds
still under study — but promising.

H1 — vacuum conditioning wor ked. SAAM MMM MAAAA s LAAALS ks
Need factor 3 better vacuum to S
run with HERA 11l design currents.
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® First HQ signalsstartingto emergefrom HERA 11 data.

D* reconstruction § JAy from e'e” and Wy’

D' Komens s cot. El E
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® Thesesignalsfrom H1—the opening of the HERA 11 floodgates?
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The WezmannWor kshop
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Fingers crossed, touch wood, etc. etc. —

Thenext fiveor so years promiseto be
some of the most exciting at HERA yet.
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