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ZEUS 19941996 integrated luminosity = 20.1ph™"
— sensitive to o ~ 50 fb

Vs =300 GeV, ©=0.5— M =./sz =212 GeV
()* = 10000 GeV?* — spatial resolution =2 - 1070 cm




Deep Inelastic ep Scattering
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Standard Model Reaction: {-channel v or 7/ Exchange
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The structure functions JF are given by
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with coefhicient functions
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Experimental Input to Cross Section Prediction
The NC DIS cross section depends on:

e well measured Electroweak parameters o, 0, My
— uncertainties at the 0.25 % level.

e the quark structure in the proton, ¢(z, Q?), g(z, Q?).
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At high z, Q*:

— Quark densities are determined from a NLO DGLAP
evolution of parton densities at higher z and lower Q2.
— The u quark dominates the cross section since ¢ > ¢
and u > d and |e,| = 2|ey] .




ZEUS DGLAP Fit to SLAC, BCDMS, and NMC Data
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Error Bands include:

— SLAC, BCDMS. NMC statistical and systematic errors
— the effect of varying a, between 0.112 and 0.122

NC DIS cross section predictions at high z, Q?
accurate to =~ 6.5 %




Kinematic Reconstruction

Scattered e™, F!

Incoming e > <
v Incoming ¢

Scattered ¢, I,

ZEEUS uses the Double Angle Method :

E. sinvy sin 6
E, (1 —cosvy) (1 —cos0)

. insensitive to
sin0.(1 — cos7y)
Ypa = — , : energy scale
siny + sin 6, — sin(y + 6,)

2
QDA = S Tpa Ypa

Ipa =

The Electron Method is used as a crosscheck:

E. E1+cosb,)

T, =
E, 2E, — E'(1 — cos0.) does not use
E! hadronic final
Yo = 1 — 2Ee<1 — cosb,) oo




The ZEUS Detector

e Calorimeter (CAL):

o(E)  [18%/VE em.
E | 35%/VE hadronic
— Energy scale uncertainty: £3%

— Energy resolution:

e Central tracking detector (CTD):
— Angular acceptance: 15° < ) < 164°

o track —
g:;ck ) _ [0.005 p™* (GeV)] & 0.016

t
or Tull length tracks
(for full length ks)

— Resolution:



Reconstruction of Event Variables

Scattered et, F!

0. measured to ~ 5 mrad

¢t Beam —— P Remnant < <—— P Beam

Quark Jet, E,

(E', p'y, p, py) = measured 4-momentum in calorimeter cell 7 .

Z:

1
; sum over all cells

(Pt)had = J ;’pf'x)QjL (;’pgf)Q
(E = pz)haa = ;’ (E' - p%) = -
e = oL TGk
E, = (Pt)had




Initial State Radiation and Kinematic Reconstruction

€ (k) Y € (k/> Initial State Radiation (ISR):

e mostly collinear with e beam
7 Z e can escape detection
q

o effectively reduces FE,

e events with ISR photons with

E. 2 7.5GeV rejected by cuts
Remnant v ) Y
p(P) P

IDN
Iy = E = fractional energy carried by -y

L _ U= f/ye)
(1—h)

ﬂ—fﬂ

Ipr — X

Qo = @ Q? = @’

Average shifts of true kinematic variables due to ISR
for events passing all cuts and having 0.4 < x < 0.6, y > 0.25

2
QDAC22 Q >

(o) = (=) = =25% (50 = <Qigjy} = +1.8%

(droa) = (=2 = +1.7% (00 = = +2.5%
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Shifts and Resolution of Uncorrected zp,
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Problem at low y < small v :

Y, Vraw = Virue ON Average.

— the uncorrected xp, yields a biased z measurement.

We correct v event by event.
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Data Selection

Efficiencies are evaluated using NC MC events

with Q... > 5000 GeV

Selection Efficiency
Vertex found 100.0 %

| Zvtx| < 50 cm 94.9 %
40GeV < E —py < 70GeV

(lower cut rejects photoproduction or hard ISR) 92.0 %

Positron with E! > 20 GeV identified in CAL ~ 89.4 %

Positron isolation EX=08 < 5 GeV 87.2 %
Ifo., > 17.2°:

track—cluster match (DCA < 10 cm) 85.7 %
[fo, <17.2°:

Pte > 30GeV 83.9 %

E—pz > 44 GeV

(tighter Photoproduction rejection) 83.8 %

Reject events with 2 isolated e.m. clusters
(Compton rejection) 83.4 %

Q>, > 5000 GeV? 81.5 %




Data/MC Comparison for £ — P. and Vertex Z—Position.
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Data is plotted only for |z, | < 50 cm .



Data/MC Comparison for Final-State Positron
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Cireen indicates MC distributions
fOI' TpA > 055 and yDA > 025




Data/MC Comparison for p; and Energy
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Final Data Sample

The final sample consists of 191 events
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Tpa range

0.05] 0.15 | 0.25 | 0.35 | 0.45 0.55 0.65 0.75 0.85 0.95
0.15] 0.25 | 0.35 | 0.45 | 0.55 0.65 0.75 0.85 0.95 |1.00
0.15/0.015|0.033|0.013|0.0055 | 0.0015 | 0.0012
88 | 1.2 | 0.32 | 0.10 | 0.028 | 0.01 |0.0034
9 3 1
12 | 2.5 | 0.50 | 0.15 | 0.050 | 0.011 | 0.0039
16 4 1
13 | 3.7 | 0.86 | 0.26 | 0.082 | 0.022 |0.0054|0.0020
10 3 1
15 | 6.1 | 1.65 | 0.46 | 0.15 | 0.046 |0.0090|0.0024
12 3 3 1
12 11 2.5 | 0.85 | 0.28 | 0.084 |0.0208 |0.0032
6 13 1 1
4.6 | 18 5.5 | 1.75 | 0.52 0.16 [0.0403|0.0093
3 17 6
18 11 | 3.74 | 1.19 0.34 [(0.1104|0.0175|0.0066
23 6 7 1 2
2.2 14 9.6 3.32 1.2 10.2784|0.07170.0077
1 15 10 3 1
1.3 2.14 1.6 [0.9052|0.30220.1216
1 3 2 1 1




ZEUS 1994-1996 Selected Events

Event Date 11-Oct-94|03-Nov-95/12-Sep-96|12-Oct-96|21-Nov-96
E, [GeV] 123. 217. 193. 204. 187.
p; [GeV] 8.9 8.2 2.9 2.2 10.2
E —pz [GeV] 47.8 53.2 49.7 50.2 49.1
E, [GeV] 67.4 235. 270. 151. 276.
Yeaw |degrees] 69.0 28.1 19.9 40.7 19.7
E' [GeV] 324. 220. 149. 366. 134.
0. [degrees] 11.9 27.8 39.3 15.4 41.1
[Z 0] raw 0468 | 0541 | 0.535 | 0.668 | 0.515
YA raw 0.868 | 0.503 | 0.330 | 0.733 | 0.316
(Q2)raw [10* GeVZ] | 3.67 2.45 1.59 4.42 1.47
v [degrees] 67.6 26.7 17.3 38.6 17.0
Tpa 0480 | 0570 | 0.617 | 0.709 | 0.597
0T pa 0.035 | 0.029 | 0.054 | 0.034 | 0.053
Q2 [10"GeV?] 3.75 2.52 1.66 4.61 1.54
o[Q2,] [10"GeV?] 0.26 0.07 0.05 0.16 0.04
. 0525 | 0536 | 0.562 | 0.605 | 0.443
o, 0.048 | 0.048 | 0.102 | 0.060 | 0.063
Q? [10"GeV?] 4.05 2.44 1.62 4.10 1.40
0[Q?] [10'GeV?] 0.31 0.11 0.09 0.30 0.07




Backgrounds

Prompt Photon Production:

e (goes down beampipe)

Jet

~ can have large energy. and
gl Pr. Mostly a background

for 6, < 17.2° where no track
D is required.

Photoproduction of Dijets:

e
-
€ x
g Jet T Jet
Jet Jet
p p

Direct Photoproduction Resolved Photoproduction

Background when jet satisfies
electron requirements

QED Compton:
e

€ ~ e, v can be produced with
large transverse momentum

p'\/\




Backgrounds — continued

Dilepton Photoproduction:

7ﬁﬂj—’—l [ can have large Pr.

l Background if e or [
f misidentified

p‘\j\

Weak Boson Production:

e (goes down beampipe)

e
7 Jet
Can produce e with
W—ev large transverse momentum
Z = et e
p
Expected cross sections for backgrounds
(< indicates 90% confidence level upper limit)
Background Cross—section [fb]
Process x > 0.45 x > 0.95
yp — vX 0.28 0.28
vp — dijets < 1.8 < 1.8
ep — ey X < 0.2 < 0.2
vy — U < 0.1 < 0.1
W — ev < 0.5 < 0.5
Accepted NC DIS 165 46




Systematic errors in SM predictions

Luminosity uncertainty 2.3%
Electroweak parameters 0.25%
Radiative corrections 2%

Evaluated with HERACLES and HECTOR
ISR E spectrum in LUMI monitor agrees well with MC.

Detector simulation 4.4%
~ 2% for ypy > 0.2
4 — 7% for ypx > 0.5

Effects included:
e variation of £3% in the FCAL, BCAL energy scales

e smearing of the electron scattering angle ( 5 mrad )
e variation in the electron finding efficiency

— variation of HAC fraction of electron candidate
— variation of lateral energy profiles of the electron
— variation of non electron energy in the cone

— variation of track cluster matching angles

— variation of track momentum resolution



Systematic errors in SM predictions — continued

Structure Functions 6.5%

Uncertainties from structure function fit:
Fixed-target experimental uncertainties — £6.2%

0.112 < oy < 0.122 +1.9%
Cross checks on SF uncertainties include:

10% < strange fraction < 30% small

Unecertainties in charm evolution < 0.5%

GRV94, MRSA, CTEQ3 comparison +2.0%

GRV94 NLO versus LO +1.0%

High-z gluon (CDF inspired, CTEQ4 HJ) +1.9%

Summary of systematic errors in SM predictions
for z > 0.55 and y > 0.25

Luminosity measurement 2.3%
Electroweak parameters 0.25%
Radiative corrections 2%

Detector simulation 4.4%
Structure Functions 6.5%

Total 8.4%



Comparison between data and MC
of the ISR photon energy spectrum

e Data/MC comparison of F. spectrum in the luminosity
monitor photon calorimeter (LUMI—~).

e Select NC events with Q?, > 400 GeV? and Eromi—, >
1.2 GeV (460 events out of 5630).

e Subtract rate of random bremsstrahlung conincidences us-

ing events in which the positron is tagged in the 44 m
(B, <6GeV) or 30 m (E, = 7 — 25GeV) calorimeters.

e The resulting F. spectrum agrees well with the MC pre-

diction, with 88 £ 24 events measured and 105 expected in
the range 1.2 GeV < Eruvmi—, < 4.8 GeV.
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Significance Analysis
Excess in z
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Excess iIn 1 —

continued

Minimal Poisson probabilities of the

xpa distributions for different yp, cuts

lower Pyin(zy,) than observed

Yoa 1ange | Prin(zh) (%] ] 258 [Nons| 1 [ Pom [%)]
Ypa > 0.05 1.61 0.708| 4 10.95 16.0
Ypa > 0.1 2.57 0.708| 2 10.25 23.0
Ypa > 0.25 0.60 0.569| 4 10.71 7.2
Ypa > 0.35 3.38 0.708] 1 10.034| 26.6
Ypa > 0.45 1.32 0.569| 2 10.17 12.7
Ypa > 0.05 0.96 0.708| 1 10.010 9.5
Ypa > 0.65 0.50 0.708 | 1 1{0.005 5.0
Prin(xp,) = the minimal probability
zh, = the value of xp, where it occurs
Nons = number of events observed with zpy, > xf,
p = expected number of events with zp, > =7,
Pgyi = prob. that a simulated experiment yields a
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Excess in ()° — continued

The probability for a simulated experiment

to obtain P, ((Q3,)*) < 0.004 is 6.0%.




2—Dimensional Likelihood Test

e Divide x-y plane into 10 x 10 grid
e Assign Poisson probability to i bin

N
—11; Mg ' N; = Number observed
N;! 1; = Number expected

P; = e

e Form likelihood over a subset of bins R

LR — HieR 7372

e Evaluate the significance by performing
many Monte Carlo experiments

Py

L =1licr ; for m®™

experiment

e Significance = Probability (Lp < ERObS)
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2—Dimensional Likelihood Test — continued

ZEUS 94-96
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2—Dimensional Likelihood Test — continued

Likelihood Distributions
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Conclusions

1. We have searched for deviations from Standard Model expectations in
e — eX scattering at high Q% and high .

e The Neutral Current DIS cross section predictions are known to an
accuracy at the level of 6.

e The events are experimentally very clean. There are no significant
backgrounds.

2. In a sample with integrated luminosity 20.1 pb~ !, we find:
2 events with Q? > 35000 GeV? where only 0.145 + 0.013 are
expected, corresponding to a Poisson probability of 0.96 % .

4 events for (z > 0.55, y > 0.25 ) where only 0.91 + 0.08 are
expected, corresponding to a Poisson probability of 1.4 %.

An analysis using a large ensemble of simulated Standard Model ex-
periments indicates that statistical fluctuations at these levels would
occur

at some Q? for (Q* > 5000 GeV?) in 6 % of all experiments;

at some x for (y > 0.25, Q% > 5000 GeV?) in 7.6 % of all experi-
ments.

3. A likelihood analysis sensitive to the event distribution in (z,y) gives
probabilities of

0.72 % for the events in the region ( = > 0.55, y > 0.25 ),

50.2 % for the events in the region ( 2 > 0.05, y > 0.05 ), excluding
the region (z > 0.55, y > 0.25 ), indicating that the data are in
good agreement with Standard Model expectations at lower z and

Q°.

4. The effect is particularly interesting because it occurs in an unexplored
kinematic region.



