ZEUS Status Report

J. Ferrando

University of Glasgow
On behalf of the ZEUS collaboration

624 Physics Research Committee Meeting
October 23, 2006

J. Ferrando ZEUS Status Report



Outline

Data Taking and Running

B Physics Highlights

Low Energy Running Preparation
B Summary

-

:T

James Ferrando ZEUS Status report 2/33



Data Taking

Recent Running |
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Recent Running

m ZEUS gated luminosity as a
function of days of running.

m Thank you for the excellent
performance of HERA in 2006

&
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Data Taking

Recent RU nn I ng I I Recent Running

2006 Data
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High Q2

PhySiCS nghllghts Physics Highlights Diffraction

Heavy Flavour
QCD
Exotics

m Completing HERA | measurements
m New results in diffraction
m Measurements making strong use of new HERA Il detectors:
m D7 lifetime
m Searches and measurements using data samples benefitting
from large HERA Il luminosity

D* cross sections
J/9 helicity

CC DIS inclusive Jets
Isolated Leptons
Contact Interactions
Multilepton events

m Combined ZEUS + H1 work gus
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HERA Combined High Q°

Physics Highlights Diffraction

Heavy Flavour

NC Measurements acp

Exotics

HERA
m NC DIS results have been o1 ‘ W 1 :
combined with those of H1. Tos [ ] MO 3% p | ZEUSEre)
Q%1500 Gev? Q?=1500 Gev?

m Enables investigation of the
interference of weak and
electromagnetic interactions at

H 2
high Q
== ~t Y yZ L2 V4 N
6 -6 =2 Y (_ae'kXF3 +2veae k XF3 ) % H1+ZEUS Combined (prel.)
08 Q%=1500 Gev? 1
— H12000 PDF
06 ---- ZEUSJETSPDF

m We now have accurate
combined measurements of the
interference structure function
xF3? =
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HERA Combined High Q°

Physics Highlights Diffraction
Hea Fla
NC Measurements aco’
Exotics
HERA
1 T 1 T T
In HERA Il we now have access to < < kb
ZEUS (prel.)
Polarisation asymmetries: i B
ey op) it
At _2 o (Pr L o "i*ﬁi I
Pr—PL Ui(PR)+ai(PL) 02 F ‘hW E
. . - 04 F N B!
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08 F — H12000 PDF B 08 -- ZEUSJETS
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High Q2

D If [-' ra Ction Physics Highlights Diffraction

Heavy Flavour
QCD
Exotics

ZEUS

«++= Fit(cexp(b InM, %)

—— Fit(D + cexp(b InM, 9)

. [ DIANGOH SATRAP +ZEUSVM _ EZ] SANG(M,, <2.3GeV)

partl Cl e fl ow * (ZEUS98-99) - PYTHIA - SANG(M), > 2.3 GeV)
W =37 -55GeV W =200 - 245 GeV

T

T
F M, inGeV

22-3GeV?

} My current jet
no colour flow
Vg p -> beam pipe

10-20

Q’=

m 3 different methods used to tag diffraction: LRG, LPS, Mx

m Different methods measure slightly different processes i
L
L
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Diffraction High Q2

Physics Highlights Diffraction

MX & LRG g*éﬂ[\)ly Flavour

Exotics

ZEUS
EUS LR I 2 .
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Diffraction
LPS & LRG

Physics Highlights

ZEUS
o) oo puy Py Py
ox
a1 i..8 T $.4 1
= 3 % % -4 'y
&
B o |e zevsirsircmre)
w o
= B=0.302 B=0.008 B=0.031 B=0.011
g i
1 ] &
I . ¥ By i
[
8 ~o
[N p=0441 =0165 =005 p=0019
1 3 P P i3 }
s ¥ ¥
o
B=0.609 B=0.280 B=0.104 B=0.037
1
S g8 358 ; 14
o
p=0816 p=0526 p=0248 p=0100
1 i L) 40
yY * ¥ 3
10 10° w0h* 0 w0H* 07 w0H* 0% 10*

James Ferrando

High Q2
Diffraction
Heavy Flavour
QCD

Exotics

m LPS sample a low statistics
analysis uncontaminated by

proton dissociation

m Can be used to assess

contamination of other samples

(ratio 0.82 +0.01)

ZEUS Status report

o

10/ 33



DlS Charm High Q°

Physics Highlights Diffraction

at HERA Il aco,

Exotics

ZEUS (prel.) 162 pb™
[__1 Wrong-charge Background

— Fit
N(D*) =5898+ 148

do/dQ® (nb/GeV?)
3

Ty

g 5
d

Combinations

1000 ! ;r 3
500 oF E
\ \ 4 3
0 0.14 0.15 0.16 2L ® ZEUS (prel.) 162 pb” 3
O ZEUS BPC (prel.) 98-00
AM (GeV) w0k O ZEUS 98-00 y
5 —— HvaDIs
m Our first charm cross sections L P T Y R R P
-1 2 3
for HERA II, from D* mesons 10 ! 10 10 ¢ @ V;)"
e
m HERA Il and HERA | cross
sections consistent with each ﬁus
other and NLO i
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DT lifetime High Q7

Physics Highlights Diffraction

W|th MVD gza;:\)ly Flavour

Exotics

>
2 200 .
2 D+ e Our first charm measurement based
T owsh T
z Z Nos,, cut on MVD data.
sy S,.,>5 - m Measurement made possible by

125 -

alignment work shown last PRC

® ZEUS (prel) 05
(91 pb!)

m D7 signal significantly enhanced

75 with significance cuts

50 m Production analysed in ct bins:

m

25 oy Xy

: ct =

01.7 1.75 1.8 1.85 1.9 1.95 2 2.05 21
m(K 7" ©*) (GeV)

&
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D™ lifetime Data Ta High Q2
iffraction

Physics Highlights
Heavy Flavour

with MVD Qcp

Exotics

s o< [ d(ct)ime exp(— L) [d(EL) g(2E) h (25 (ct — (Ct)ime))

ZETE Resolution function h assumed to be
D a Gaussian with resolution of 160um
+ beam spot spread

Xnpe=2.99/2

N (D% /0.02 cm

Ct=305+26+14 m | | 7(D7) (fs) ‘
[ ZEUS (prel.) 05 [ 1017 £ 86 + 47 |
| World average [ 1040 £7 |

€Tppe=31242 im

Similar accuracy to CERN SPS
experiments

" ZEUS (et 05 (91 pbY) Demonstrates our understanding
0002 004 006 008 01 0.2 of the MVD resolution ﬁus

Proper time ct (cm)
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High Q2

aly 1~1 Physics Highlights Diffraction
J/l// HelICIty Heavy Flavour

QCD
Exotics

1 d% 2 ok
a0l 1+ X(z)cos™ 0 g
+u(2) sin 20" cos ¢* | [ BKV (LO, CS+CO)
----- BKV (LO, €S)
+ 1/(22) sin? 6" cos 26" k

m Measurement of v may allow
distinction between
colour-singlet and colour-octet
models for J/1) production

| | Ana|ySIS Of UV as a funCtiOﬂ Of V4 T ® ZEUS (pre\.) 98—-05 (241 pb")
shows that ZEUS dataseemsto _ | . . .. .. ... .
disfavour CS only picture g1 02 03 04 05 06 07 08 09
z= 72 ius
p-q e A
*
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CC Jets at High Q2

Physics Highlights Diffraction

H ERA I I gza[\)/y Flavour

Exotics

3
o
g
5 !
jui
8
(=)
5

ZEUS
T T T
« ZEUS (prel.) CC €p 125 pb™
o ZEUSCC €'p 111 pb™
— CDM

Our first HERA |l Jet measurements:

m Test of SM |
m Factor X7 more e™ p lumi than ’ ]
in HERA | 0l @>m0ce? ! ,
m Measurements were compared 15
to e™p data 1

eple’p

m Cross section in good agreement
with SM expectations

jet energy scale uncertainty
I I 1

20 40 60 80 100

B (Gev) ius

;T
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CC Jets at

Physics Highlights

HERA I

Our first HERA |l Jet measurements:

m Samples with different
polarisation were compared

m Good agreement with
expectations

m Inclusive jet sample is under
control

m Now we can look at multijets
and jet substructure in CC e™p
data

James Ferrando

High Q2
Diffraction
Heavy Flavour
QCD

Exotics

1 ZEUS

10 F

10

do/dQ? (pb/Gev?)

10 b

10 ¢

10

« ZEUS (prel) CC ep (P=-027) 125 pb™
o ZEUS (prel.) CC €p (P=+0.33) 125 pb™*
— CDM

€p(P=-027)/€p(P=+0.33)

2L L ] I
g !
jet energy scale uncertainty
[0 potarisation uncertainty ]
0 L
10° .,
Q*(Gev?)

ZEUS Status report

k

*

16 / 33



Contact High Q

Physics Highlights Diffraction
. Heavy Flavour
Interactions Qco
Exotics
ZEUS

10|12 ; ® ZEUS 94-04 'p g
g — V. A =75TeV 1
£ " s-- VW A*=63TeV h
z
2 0s L L

I I
3 4

10 10 02 (GEVZ)

10 [ 12’ : © ' ZEUS 98-05 (prel)ep

g -—- AA A =5.9TeV ]

. 5 1 Phd i s IERTRE AA  A*=63TeV 1

m Cl models describe the effects 2ol ] 1

Of: 10 10
1 >gre L3
Heavy leptoquarks l

o . Contact Interactions Limits (prel.) i
Additional heavy weak bosons L L
10 10

Large extra dimensions

Electron or quark ius
compositeness S
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Contact High Q2

Physics Highlights Diffraction
Heavy Flavour

Interactions aco

Exotics

L T T T T T T

| . —

10 |12 ———r (c) ® ZEUS 94-05 (prel.) e'p

8 | - o —= R2= (0.67 10"°cm)’ ]

B[ T[eeevetie g ++- R2=-(0.81-10"°cm)® |
2 | B |

> 0.8 LL , N

| 10 10

1o fraerss@ @ @gr@r-@ it @+ 2t gt 2t W23 ';%L._T_‘_T_ i ;* — —]

| Quark Radius Limits (prel.) ]

| | | L | I

10° 10° Q? 2
(GeV?)
do _ doSM R? 2 1 R2 2
d@2z — d@? ( - ?) 6
us
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Multi-Lepton

Physics Highlights

Events

m Production of di-lepton and
3-lepton events is sensitive to
new physics, especially at high
masses

m H1 have observed an excess at
high invariant masses
(3/0.44 +0.1 > 100GeV in ee
channel)

m No excess observed in ee or eee
channel by ZEUS

James Ferrando

High Q2
Diffraction
Heavy Flavour
QCD

Exotics

ZEUS

—SM

1

|mu| T T T T

107,

102L

e ZEUS (prel.)
96-05 (296 pb™)

ﬂf
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High Q2

Isolated Le ptons Physics Highlights Eiefl:l;layct;(l)z:\vour

QCD
Exotics

m At the last PRC ZEUS presented first isolated muon results
for a W production optimised search (similar to H1 search)

m Search on 1998-2005 data (249 pb~1, 143 pb~! e p,
106 pb~t etp ) made preliminary for ICHEP06

e €
m New for this PRC: Analysis has
been extended to cover full
HERA data taking period up to /2"
October 2006: e
m 175 pb_i etp
m 204 pb™ " e7p
o - T w _iis

*
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High Q2
N ew Res u |tS Physics Highlights

Diffraction
Heavy Flavour
QCD

Exotics

Isolated e 12 < p§ < 25 GeV p¥ > 25 GeV
ZEUS (prel.) 9697 *p (39 b= 1) | 2/0.3+0.2 (85%) | 0/0.5+0.2 (62%)
ZEUS (prel.) 05-06 e~ p (61 pb 1) 2/0.9 +0.3 (52%) 2/0.9 + 0.3 (62%)
ZEUS (prel.) 0306 *p (0pb-1) | 1/0.8 0.2 (64%) | 0/1.0+0.2 (76%)

Isolated 1 12 < p§¥ < 25 GeV p¥ > 25 GeV

ZEUS (prel.) 96-97 e p (39 pb~1) ]./03 +0.2 (84%) 0/04 +0.2 (68%)
ZEUS (prel.) 04-06 e~ p (187 pb—1) 2/2.0 +0.3 (68%) 2/2.0 +0.3 (86%)
ZEUS (prel.) 0306 e*p (0 pb=1) | 2/0.9 £ 0.2 (64%) 0/1.0+£0.2 (82%)

In 30 pb~! 2006 etp data: 1 new e event and 1 new y event,
both with 12 < P¥ < 25 GeV.

&
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High Q2

Tota | N um be rs Physics Highlights Diffraction

Heavy Flavour
QCD
Exotics

Isolated e 12 < p¥ < 25 GeV p¥ > 25 GeV
ZEUS (prel.) 9606 «*p (175 pb=Y) | 4/2.1 £ 0.3 (63%) 1/2.24+0.3 (75%)
ZEUS (prel.) 98-06 e~ p (204 pb™ 1) 6/2.9 +0.5 (56%) 5/3.8 +0.6 (55%)
ZEUS (prel.) 96-06 e*p (379 pb1) | 10/5.0 0.6 (59%) | 6/6.0 + 0.7 (63%)

Isolated 1 12 < p¥ < 25 GeV pX > 25 GeV
ZEUS (prel.) 9606 *p (175 pb=1) | 3/1.9+0.4 (71%) | 1/2.3 4+ 0.4 (78%)
ZEUS (prel.) 98-06 e~ p (204 pb~1) | 2/2.2 +0.3 (68%) | 2/2.2 £ 0.3 (86%)
ZEUS (prel) 9606 e*p 379 pb~ 1) | 5/4.1 £ 0.5 (75%) | 3/4.5 1+ 0.5 (82%)

&
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Combination High Q2

Work

Physics Highlights Diffraction
Heavy Flavour
QCD
Exotics

HERA Exotics Working Group

Members of the Working group focused on isolated leptons:

H1: G. Brandt, C. Diaconu, D. South
ZEUS: J. Ferrando, K. Korcsak-Gorzo

Work has focused on trying to understand possible differences
between H1 and ZEUS searches

Common analysis region for future comparison has been
agreed

Managed to send first results (efficiency comparisons of
existing searches) to ICHEP06

&
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Combination High Q2

Physics Highlights Diffraction

Heavy Flavour
Work QCD

Exotics

Efficiency to detect e+P["*" events Efficiency to detect e+P["** events with P{>25 GeV

c F — H1 Calculated for the SM process: - < F — H1 Calculated for the SM process: -
Z% 1 e ZEUS ep - eWX,W-ev — Z% [ ZEUS ep~eWX,W-ev —
= [ Generated Phase Space: ] = [ Generated Phase Space: ]
8 [ P$>10 GeV, 5<6, <140 ] g [ PE>10 GeV, 5<6, <140, PX>25 GeV |
z 0.8 - z 0.8~ -
- ZEUS events (prelim.) 379 pb™ ] O ZEUS events (prelim.) 379 pb™ ]

2 ] ]

H1 events (prelim.) 384 pb*

H1 events (prelim.) 384 pb™

P TR ATk g o6k W W Vol J1g

E 1] r 16

= = 1o

g [ 1 E

= =

15 0.4— -18

= .- i H 12

» L ! gdistribution (gen.) & Y

2 L ‘ '\'arlu\lraw units) 1L

& 02 &

L 1< L . I«

o - o

L H Hu H N - w

TN B SN I I N I P U B - - S R RO EEPURPIN N SO BOPASONN e O Tt M - 5
0O 10 20 30 40 50 60 70 80 90 0O 20 40 60 80 100 120 140
PX (GeV) o, (deg.)
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Combination High Q2

Physics Highlights Diffraction

Heavy Flavour
Work QCD

Exotics

Efficiency to detect e+P["™* event (e'p data) Efficiency to detect e+P]"*" events with P}>25 GeV (e"p)
c F — H1 Calculated for the SM process: - < F — H1 Calculated for the SM process: -
Z% 1 e ZEUS ep-eWX,W-ev — Z% 1 e ZEUS ep - eWX,W-ev —
= [ Generated Phase Space: ] = [ Generated Phase Space: ]
8 L P$>10 GeV, 5<8, <140 i 3 [ P{>10 GeV, 5<8, <140, P>25 GeV |
4 =

0.8~ ZEUS events (prelim.) 175 pb™ ] 0.8? ZEUS events (prelim.) 175 pb* ]

H1 events (prelim.) 200 pb™

H1 events (prelim.) 200 pb™*

1a = 1a

P A A 13 ok VW W Vol 13

5] r 16

= = 1o

g [ 1 E

= =

15 0.4— -18

= .- i H 12

» L ! gdistribution (gen.) & Y

2 L ‘ '\'arlu\lraw units) 1L

& 02 g &

L 1< L . I«

o - o

L H Hu H N - w

TN B SN I I N I P U B - - S R RO EEPURPIN N SO BOPASONN e O Tt M - 5
0O 10 20 30 40 50 60 70 80 90 0O 20 40 60 80 100 120 140
PX (GeV) o, (deg.)
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Combination High Q2

Physics Highlights Diffraction

Heavy Flavour
Work QCD

Exotics

Efficiency to detect p+P["*° events Efficiency to detect u+P7"*° events with Py>25 GeV
c F — H1 Calculated for the SM process: - < F — H1 Calculated for the SM process: -
Z% 1 e ZEUS ep - eWX, W= pv — Z% [ =— ZEUS ep ~ eWX, W pv _
= [ Generated Phase Space: ] = [ Generated Phase Space: ]
8 [ P4>10 GeV, 5<8, <140 g [ Pi>10 GeV, 5<6, <140, PX>25 GeV |
z 0.8 - z 0.8~ -
- ZEUS events (prelim.) 379 pb™ ] O ZEUS events (prelim.) 379 pb™ ]
Wy V % V] [

H1 events (prelim.) 384 pb™ H1 events (prelim.) 384 pb*

o W VW Wl s 06 s

L I} Fooe 16

[ > Lo ]L 1o

L = [ H 4 £

g i S

0.4+ 5 04 | -5

| g | H - ;

L 0 Li H * @distribution (gen.) 40

L 2 L: H =:_ (arbitrary units) 1

0.2~ 2 02 i b —4&

L < L : T 1<

o4 e o

- - W H . w

v b b e b b b ol T T bt b b b b b ] I
% 10 20 30 40 50 60 70 80 90 % "20 a0 60 80 100 120 140
PX (GeV) 6, (deg.)
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Combination High Q2

Physics Highlights Diffraction

Heavy Flavour
Work QCD

Exotics

Efficiency to detect quP:'SS events (e'p data) Efficiency to detect quPr'Ss events with P{>25 GeV (e'p)
c F — H1 Calculated for the SM process: - < F — H1 Calculated for the SM process: -
Z% I— ZEUS ep ~ eWX, W~ pv — Z% {1 ZEUS ep ~ eWX,W- pv —
= [ Generated Phase Space: ] = [ Generated Phase Space: ]
8 [ PY>10 GeV, 5<8, <140 g [ Pi>10 GeV, 5<6, <140, PX>25 GeV |
z 0.8~ - z 0.8 -
- ZEUS events (prelim.) 175 pb™ O ZEUS events (prelim.) 175 pb™ ]

[ W3 V ]

H1 events (prelim.) 200 pb™ H1 events (prelim.) 200 pb*

[ 1a L 1a

o6k WV Y Wl 13 06 13

L 15} Foos 16

[ > [ i].] 1

L = | H 4 £

£ ; =

0.4 5 041 [, -5

| g | H - ;

L » Li H 1 @ distribution (gen.) Y

L 2 L: H =:_ (arbitrary units) 1

0.2 2 02 i - &

[ < L : T, J<

o4 ST [°4

F - W H B w

v b b e b b b ol T T bt b b b b b ] I
%10 20 30 40 50 60 70 80 90 % "20 40 60 80 100 120 140
PX (GeV) 6, (deg.)
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Combination

Work

Physics Highlights

High Q2
Diffraction
Heavy Flavour
QCD

Exotics

eip Data Preliminary Electron Muon Combined
Pff > 25 GeV obs./exp. obs./exp. obs./exp.
a H1 200 pb— ! 10/3.1£06 7/29+05 17/6.0 £ 1.0
4+ ZEUS 175 pb—1! 1/22£03 1/23+04 2/45+0.7
Y HI+ZEUS 375 pb~—! 11/53+£09 8/52+09 19/105+1.7
H1 184 pb—1! 3/384+£06 0/3.1£0.5 3/69 £ 1.1
F' ZEUS 204 pb—1 5/384+£06 2/22+£03 7/6.0+0.9
Y HI+ZEUS 388 pb—! 8/76+12 2/53+08 10/12.9+2.0

James Ferrando
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F> at High y

Low Energy Running

F> at High y
e Efficiency
Controlling vp background

Preparing for F; by measuring F, at
high y:

1 HERA-I [] New binning
0% —
s |
i
° |
10° 21 N ‘BGeV
%1 5GeV
Rorp~55¢m - 4 |
i - 1 my
102 Y " ‘

i
I\

\ N |
0 01020304 050607 0809 1
y

28cm radius cut

10

James Ferrando

m Low x region: measurement can
be performed only at HERA

m important for extracting the
gluon density

m F; contribution may be observed

Studies also valuable because they
develop technology for measuring Fy:
m Studies of expanding
measurement to lower E.

m New Low E, trigger (running
since August 2006) ﬁus
i

ZEUS Status report 29 /33



I_OW E Fy at High y

e Efficiency

Low Energy Running Controlling vp background

e Efficiency

Finding efficiency vs. E

m Electron finding at low entriesis T n
crucial for the F; measurement [
and F, at high y osr

m ZEUS F| study — large 06:_
systematic contribution from [
electr.on finding efficiency at low F _
energies : + OBe data

m Efficiency of electron finder at o2f — DIPSIMC

low E. has been evaluated using
B L O T T [P TP PO PO PO
J/1/1—>ee events. 0 4 6 8 10 12 14 16 18 20

Energy [GeV] us
&
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Fy at High y
e Efficiency
Controlling vp background

~vp Background

Low Energy Running

] i m 7p is the main background for F; at
-t highy / Fi

m A low E — pz trigger was used to
select a vp enriched sample

w/PHP K

Ee scalmg f

Entries 115

RMS 4365

s+ PHP normalization
factor

Ee [GeV]

Ee [GeV]
ﬁus
S
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> at High y
Control Plots L

Low Energy Running Controlling vp background
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Summary

Summary

m In 2006 ZEUS DAQ has been operating well

m In the last few months ZEUS has achieved efficiency
consistently > 80%.

m HERA-II detector configuration undesrtanding progressing
well, first fully MVD-based results arriving

m HERA-II physics analysis progressing well providing timely
results

m Work on combined results progressing well, first results were

already sent to ICHEP06 — Thanks to our H1 colleagues for
a positive and effective collaborative effort

m ZEUS are addressing the challenges of Low-Energy F; running
with a strong and dedicated team. Benefits of studies also ius
apparent for high-energy running results = —
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