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New ZEUS detector components

Straw silicon
Tube Micro-
Tracker Vertex-
(STT) Detector
(MVD)
Global additional
Tracking muon trigger
Trigger — basec} on
calorimeter
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Overview of the ZEUS MVD

The barrel section:

The forward section: » 30 ladders
* 4 wheels  each one composed of 5 The rear section:
» each one composed by modules of 4 Si « Cooling pipes and
2 layers of 14 Si detectors manifolds
detectors « Total of 300 hybrids, Distribution of FE, slow
« Total of 112 hybrids, >150k channels control and alignment
>50k channels cables
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MVD commissioning 2002/3

i Z Run 44224 Event 10665 date: 21-01-2003 time: 18:55:27 . .

”E=1§:§3 van E=24.34 GeV E-ps 4.01 GeV E~191.71 GeV E,= 7.22GeV Winter 2002 / 2003:

E= 0.00 GeV P= 278 GeV P= 219 GeV p,= -1.71 GeV P~194.91 GeV

phi= -0.66 t= 0.81ns t,= 560 ns £,=-100.00 ns t,= 0.82ns ° MVD full y ope rational , but

K e Large backgrounds
e Small luminosity

e Significant radiation
: dose (but no serious
M e damage)

S| Spring/Summer 2003:

------- e 18 week shutdown to
remedy backgrounds

Currently:
e Machine startup

e Vacuum conditioning
successful

av . z e First luminosity seen
e Background situation
looks promising!
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... but also very clean ep collisions:

= 0.15 GeV p=30.39
phi= 2.43 4= 099

44 3503
Ep= 9.13 GV
€ P,=-22.96 GeV
ns t,=-1.27 ns
N
:% RS

0
SR

useful 2002/3 data sets: <~ 1 pb1

5
3

= iZeus Run 44699 Event 839  date: 15-02-2003 time: 18:43:32
. E=17573GeV E=86.90GeV E-p=51.14 GeV E=106.68 GeV E,=69.06 GeV
= il

E= 0.00GeV p= 596GeV p,=-1.97GeV p,=-562GeV p,=124.60 GeV
phi= -1.91 t= 3.22 ns t,= 2.42 ns t,=-100.00 ns

t;= 2.95ns

Q2 -»\i%\%e/\/%:harged Current

T

ate 03 time: 22:55:53
E= 11.53 GeV e)

33 Event 6314
E= 0.:0 G:\‘Il :: :::; 2:: :::i;;:oaéfv‘v P, _=-131370 (;GV p(:ﬁﬂ.-ﬁ'l GeV
,,;.i= -0.80 t= 0.60 ns = 0.28ns £,=-100.00 ns t= 031ns
= 4500 Ge\?
_&7= 4500 Ge \Charged Current

eutral Current

HERA goal: ~15 pb1 till december
~700 pb- till 2007
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MVD Alignment

» 3 Step process: 4

[0 Survey of ladder positions before
installation in the lab,

0 Further alignment using cosmic data,

[0 Monitoring of stability using an in situ
laser system with semi-transparent
position sensors. =
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Track Residuals
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Alignment Status
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MVD Tracking Efficiencies

Simulation

S > 4 MVD hits
2002/3 Data > 2 MVD hits
v ] S0 14} 1500 2000 250 RN

Note: Acceptance holes

Efficiency estimates from NC DIS: (Tracks in CTD and MVD fiducial)

| >4MVD hits | >2MVD hits
Data 91.4% 99.3%
MC 93.8% 99.3%
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b and ¢ secondary vertex studies
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Straw Tube Tracker

Goal: extend tracking acceptance into forward region

-

installed in April 2001

some initial hardware problems
(e.g. cross-talk, blown fuses) repaired during 2003
shutdown

=> now fully operational
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Global tracking

Integration of all tracking systems

STTIFTD combinations with other tracking detectors

22.10.2003

Low angles: STT/FTD + WMVD

Larger angles: STT/FTD + WMVD + BMVD + CTD

example of helix fits to different components using MC data:

FD3

1 Lowangles- STT/FTD + WNVD.

2 Largganes- STTIFTD + CTD + WNVDHBHAVD.

FID2

ST

FTD!

(D
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Other improvements

Global Tracking Trigger, GTT (CTD+MVD+STT) -> improvement of
2nd level trigger tracking

backing-calorimeter based muon trigger
+ offline improvements

=> expect up to ~ factor 2 improvement of
reconstruction efficiency for semileptonic

leptons (u, €)
-
generally improved tracking & vertexing : g

from MVD & STT
-> e.g. improved KO efficiency

1) 0.2 0.4 0.6 08 1 12 1.4
m(r) [GeV]

22.10.2003 A.Geiser, ZEUS potential for Heavy Quarks at HERA Il 12



Hardware Upgrade Summary

« ZEUS MVD has completed the commissioning phase, .

e. design goals have been reached:

« Reliable and well monitored detector operation (data quality, radiation, alignment),
» High tracking efficiency (>99%),
* Precision is approaching the goal (Impact parameter resolution =100 um ).

o STT now fully operational (after repair during shutdown)
Comissioning ongoing

» other improvements (GTT, BAC trigger, ...) well under way

 Ready for new data with secondary vertexing capability, improved forward
tracking efficiency, improved efficiency for semileptonic leptons

=> great opportunities for heavy flavour physics!
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Main HFL Upgrade Physics Goals

Tests of perturbative QCD

Heavy quark mass sets additional perturbative QCD scale

Measure single + double differential cross sections with single or double heavy
flavour tag + compare with predictions

Gluon and charm structure of photon and proton

study charm and beauty content of high ET dijet events with single or double
heavy flavour tag

High mass vector meson production )
study e.g. color octet contribution )

Strange quark sea of proton ) see introductory
study charm production in CC events ) talk

Charm structure of pion ) Brian Foster
study charm production in FNC events )

Diffractive heavy flavour production )
study charm production in diffractive events )

Exotics )
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Single Beauty tag: Test of QCD

Example: beauty in photoproduction Fo & s 'E Fo. o skpniin
Current analysis LA ; te=0223:0032 | 80 E fy = 0.275 + 0,028
2 jets ET > 6,7 GeV E = o hu‘|+ =
muon pt > 2.5 GeV or p>2/4 GeV 0%
~3000 events, 25% beauty = =
10 B _ e
ptrel > 2.25 GeV: e
~240 events, 80% beauty S pe ?Gev'f pa ' A pe ?.:;Eu}s
Upgrade analysis (very preliminary) efficiency for MVD L/o cut

prospects from exploratory MC study: relax muon and jet cuts  # L
=> increase beauty signal sample by ~ factor 10 0-9

similar arguments for DIS, b -> e, b -> hadrons a

' T R R R N SR B
.

Q.1

| E
: 08 E
increase bg by ~ factor 100 0.7 E
reduce bg to previous level using MVD — 06 -
=> |ose ~ factor 2 efficiency 0.5 E =
, , , , 0.4 F =
net gain: ~ factor 5 => in business with ~20 pb* | /5 E 3
02 £ E
3 3

o
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Double Heavy Flavour tag: Test of QQ correlations

Examples: D*+u, u+pu g: S a “31: gy
3 3% |5 s
Current D*+ 4 analysis = T §i T e
pt(mu) > 1.4 GeV, pt(D*) > 1.5 GeV i 1 L e
~ 34 events D*+u from same b 1: ' 1: '
~ 15 events D*+u from different b's ‘:’: e 10 ) f’: } ',h "
~ 60 events D*+p from different c’s wid o T 0 : e
muon efficiency + luminosity will increase, i bt o CE i,
but will stay statistics limited 0T e T weteen

Upgrade dimuon analysis

prospects from exploratory study:
2 low pt muons (no explicit jet requirement)

=> 0(103) beauty signal events / 100 pb1, + charm
separate b, ¢ and light flavours through charge +

momentum correlations, ptrel, MVD
=> |high statistics high purity samples, measure double differential distributions
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Why measure QQ correlations?

some NLO diagrams (massive scheme), Q=b,C

(4]
AU RN — n RN . "03';:___)
B4 ;s AL ™
' - Q —a
S
SN 9 or q —a
nﬁqs&c __r..-:;‘-":;‘@ .@&i@ﬁ

Fﬁ B

3rd jet not always detected (forward or low Er)
single tag measurement does not distinguish Q and g/q for 2nd jet
double tag measurement does. combine!

=>| test and understand NLO QCD
use result to directly measure NLO gluon distribution in proton
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ZEUS
T T T I T T T T | T T T
+ ZEUS fprel.} 1998-2000

2500 — — Backgr. wrong charge n

Single Charm tag

130 < W = 285 GaV, OF = 1 GeV* |

2000 ++ -

Combirations f 0.25 MeV

Main channel so far: D*-> Kt 1t
~30000 events (1995-00) for fragmentation -

studies and spectroscopy
~20000 events for cross section calculations

smaller samples from other D meson decays

1500 — —

O
*

500 —

PR T TS SN TR S R NN S T
014 015 018

upg I‘ade: MKmn_) - Mk (Ga)
D*: more multiple scattering (slow ) D* ;r ' T T e 12
and tighter trigger => somewhat less efficiency : r.-"fm““'%\"

D*: long lifetime + MVD => much better bg reduction > : YA

mop E

semileptonic charm decays can also be complemented by s ai i
MVD information

Ed

=> should become fully competitive with D* channel for &=
cross section measurements and charm contributionto F.

(DIS).

4 L I
GRS S i

3 24
] o]
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Charm contribution to F,,
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An experimental and theoretical challenge:
Search for QCD instantons through multi-flavour tag ??

Flavour democracy => instanton ,,couples™ )
to all kinematically allowed flavours

bbccssuudd (+gluons), b->c->s, c->s
=> 6 chances to get lepton (.. or e)
4 chances to get D(**) meson all Lor R

6 chances to get V9 (K%,) directly from s quark
>=10 chances to get V° from fragmentation “ J‘

N ‘Il
but: cross section currently not calculable “ “
(could it be ,large™?)

QCD background (e.g. bb cc final state) needs NNLO calculation
=> not for tomorrow ...

uuumml'

=> |look for ,isotropic" events with
several (at least 3) flavour tags,
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Conclusions

MVD, STT, and trigger upgrades ready for data taking
and performing well

First competitive results from beauty production with
MVD can already be obtained from few months running
hope for first preliminary results by next summer conferences

Very good prospects also for charm, but no reliable
quantitative estimates yet

extensive studies of multi-differential distributions in
single and double tagged charm and beauty events will
become possible => QCD tests, gluon distribution

Many other interesting physics topics! (see other talks)
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