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Introduction

HERA= first electron—proton collider

ep centre—of—mass energy = 300 GeV
electron—quark invariant mass up to ~ 200 GeV
spatial resolution 21016 cm
(at Q2 = 10* GeV?)
ZEUS 1994-1997 integrated £ = 46.6pb—1
H1 1994—1997 integrated £ = 37.0pb~1
—— sensitive to o ~ 50fb
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DIS Signatures and Kinematics

e(k")
e(k)

p(P), %
\_~—=—— p remnant

‘v (L

W(q)

p(P), - 1 ;
\_~—=—— p remnant

e* (k)

Neutral Current (NC)

Scattered ¢ in main detector
e balances hadronic p;

Charged Current (CQC)

Scattered » invisible

Only hadronic system
available for measurements

Kinematic Variables:

Q? = —¢° = —(k —1')2 =2E.E'(1 + cosbe)
r = Q?/(2¢- P) =momentum fraction of quark

y=1(q-P)/(k-P)

y=(1—-cos#!)/2; 6 =eq c.m.s. scattering angle

M = \/xs
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T he HERA Kinematic Plane
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DIS at Q2 > 5000 GeV? became accessible
with the high—statistics 199641997 e¢tp data
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High—Q? Event Topologies
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Positrons enter from left, protons from right

Arrows = scattering angles of ¢ and ¢
Numbers = energies of scattered ¢ and ¢ (in GeV)
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A NC Event in the ZEUS Detector

6000 Cells, each read out by 2 PMTs
o9, = 5 mrad
o/VE (e) = 18 %
oc/vVE (had) = 35 %
AE/E (syst) =3 %

in situ calibration good to 1-2% (e)
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A CC Event in the H1l Detector

Liquid Argon Calorimeter
44000 Cells
o9, = 2-5 mrad
o/VE (&) = 12 %
o/vE (had) = 50 %
AE/E (syst) =3-4 %

in situ calibration good to 1 — 3% (e)
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DIS in the Standard Model

Deep—inelastic ep scattering =
incoherent sum of elastic eq scatterings

O-(ep): (]z,:C__Ifqlp ) O-(GQ)

fq|p = g = Parton distribution function (PDF)

Probability density to find quark ¢ in the proton
carrying a fraction x of the proton momentum

o(eq) = electron—quark cross—section

(Ve, @e)

o(eq — eq) x

o(eq — vq')
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DIS Cross—Section Formulae (NC)

2

dQO.ej:p—miX
[Y_|_ . .7:2NC + Y_ . .7:3I\IC]

2T

dzdQ2 Q4

ve = (1+(1-9)%)

FRC = Y Ag-le+d]
q=d,u,s,c,b
F3C = Y., Bg-le—1]
q=d,u,s,c,b
Ag = QF —2Qquevg - Py + (v + a2)(v; +a7) - P3

Bq — — 2Qqaeaq . PZ _I_ 4'Ueaze'vqa/q . P%
2
P, = &
Q2+ M2

—+ Photon—exchange dominates at low Q2
—  For Q%2> M2, v and Z contributions are similar

—  Radiative corrections are substantial.
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DIS Cross—Section Formulae (CC)

d20.e+p—>1/X G2

el id [(CRD R Gy VR CRED)

d25¢ P X G2

wdgr = o P (et 9+ -+ 9]

B A2
T 02 2
Q< + Mg,

Py

et and e~ couple to different quark flavors

et p cross—section dominated by d and g

y—dependence useful to disentangle ¢ and g
contributions compressed by m; and CKMM

At low Q2: weak Q2 dependence

At high Q2: some sensitivity to W mass

Similar formulae for ‘v’p, ‘v’ N scattering
Radiative corrections are substantial

U
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Comparison of NC and CC

Cross—Sections

NA

= 10 B e'p NC (94+95)
(O] —— e'p NC SM

re 0 ep NC (93+94)
& 1= & ep NC SM

‘© E % 'p CC (94)

S, Al —— e'pCCSM

S 10 - e'p CC (93+94)

20
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.3
10 -
: ZEUS 93-95
10 0.8 pb™' (e'p)
: 9.3 pb'1 (e'p)
-5
10 S S
10° 10°
Q? (GeV?)

— At low Q2, ¢(CC) <« o(NC)
— At Q2> M2z, 6(CC) ~ o(NC)
1995 data are of very limited precision
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PDF’s and QCD

Leading—order QCD contributions to DIS diagrams:

e (& (& (&
q q
q q
g g

— Leading modifications are of O(as In Q?)
— Absorbed into effective PDF's

simplified form:

dfq/p(f’%QQ) _ Qs i d¢ o\ 1 T 2
d In Q2 _Zw/?fq/p(€7Q )P(g)-l-(”)(as )

P(z/¢) = splitting function (given by QCD)

DGLAP evolution fixes Q2 dependence of PDF’s
PDF’s are evolved towards higher Q2 and lower z
Effectively all terms of O(a"(In Q?)™) are summed

4l

Usually employed in next—to—leading order
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PDF Determination

Parametrise PDF’s as function of z for Q2 = Q?
Perform QCD evolution
Calculate cross—sections, structure functions, etc.

Determine parameters by fit to experimental data

— eN and uN data (HERA, fixed—target)

— ‘U’N data (fixed—target)

— W production in pp experiments

—  Drell=Yan lepton—pair production

—  Low QZ?: edge of perturbative QCD regime

—  Higher—twist terms at low Q2, high «

—  Theoretical treatment of heavy quark PDF’s

— Higher—order QCD terms (small effect for high Q?)
—  Nuclear effects in deuteron (may affect d at high x)
—  Experimental errors on input data (dominant)

— Uncertainty of as

— Analytical form of PDF parametrisation

—  Choice of renormalisation/factorisation scales
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Proton 7> Structure Function Data

T
x=3.5E—05

s
(-
S 1.0
Z 0 C b x=6.3E—05 ]
[ -
1.0 @
05 L e " x=0.0001 o ZEUS 94 NVX ]
1.0 M = ZEUS 94 SVX
o5 L x=0.00016 s ZEUS 94 ISR ]
1.0 W o Hl 94ﬁ i
os L . e —0.00025 O BCDMS,E665,NMC ]
1.0
0.5 [ /;W/M x=0.0004 ]
1.0
05 L = ]
1.0
05 L ]
1.0
05 L x=0,0016 ]
1.0
os L D x=0.0025 ]
1.0
°-s [ ; x=0.004 i
1.0
05 L N ]
1o — x=0.0063
05 L ) ]
1.0 x=0.01
os L ) ]
1.0 - x=0.016
0.5 [ - ]
1. —0.
52 C i x=0.025 |
o8 C ® PN x=0.04 ]
%g [ ‘, = 0 e se W_%_@q._@_jo‘osﬂ
o o =@ =Sty Z ') .
1.0 B
0.5 [ o JD_‘__XEOAZ’]
1.0 R g
05 L . x=0.2 |
feSSsLaiisinonis o e @ e to PSS 5
g):g C x=0.32 |
gfg C x=0.51|
== e o = e = — NP
L 1 1 1 1
1 10 100 1000 10000
Q* (GeV?)

— Data span several decades in x and Q2
—  QCD fit gives good description
—  Fit at high x driven by fixed—target data
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PDF Uncertainties

o(ep)

0= SLAC

O = BCDMS @ = NMC

LQFIT23

,,,,,, MRSA

__ This analysis

_.. CTEQ3M

NC:
N rQ* d?o
o =

27Ta2Y_|_ dx dQ?
AG/o < 6.5%

CC:
N 27 d?co
o =

xZr
G% P3,dr dQ?

AG/5 > 20%
for x 2 0.5 or
Q2 > 2-10% GeVv?

I I I I I I
20000 30000 40000

50000 QZ/Ge\/Z

o = reduced cross—section (~PDF's)
Experimental errors on input data and on ag
were propagated in QCD fit (M. Botje, ZEUS)
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PDF'’s in the High—Q? Regime

= 100 GeV?
= 30000 GeV?

T 000138 N

0 0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
X

107 L

For £ > 0.2 valence > sea
d/u < 0.5 forx—1

o€ P(NC) is dominated by «
ae+P(CC) is dominated by d

— Spatial resolution improves with Q2
— e ‘'sees’” more partons having lower momentum

—  Valence distributions are reduced
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Non—Standard PDF Scenarios

DIS dominated by eq processes
—  Gluon modification has small effect in DIS

Model: O(1%) of the proton momentum
IS carried by valence—like quarks
Modifies cross—section at high x

Effect larger in CC than in NC

U

All current PDF's use d/u — 0 at z — 1
Consistent relativistic treatment of deuteron
data indicates that this may be wrong
Melnitchouk, Thomas, Phys.Lett.B377(96)11
Possible increase of d at large «

Mainly affects etp CC cross—section

U

U

All modifications at large = (= 0.4)
Larger effects in CC than in NC
No explanation for large high—Q? excess
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Cross—Section Measurements

Evtake Luminosity 1993-97

VNN

(o)
o

1994—-1996 data:
Excess at high z, Q2
LPO7: Updated results

Integrated Luminosity (pb™)
g8 & & &
g 8 & &

N
ol
n
o

n
o

Increased data samples
Improved analysis methods
Differential cross—sections

-
o
T

-
o
T

0
T

Days of running

—  Event distributions in (x,y) (ZEUS,H1)
—  do/dQ? (ZEUS,H1), do/dz (H1)

—  d?0/(dzdQ?) and QCD fit (H1)

— do/dQ? (ZEUS,H1)

— reduced cross—section (H1)

Focus on results
Only few analysis details
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NC Analyses

4 independent measurements per event:

Yhs Ehag (hadrons)

Only two independent variables (Q2 = zys)
Different reconstruction methods
ZEUS: “double—angle”; H1: e3> (e based)

Initial State Radiation (ISR):

Photon radiation in e beam direction
Photon can escape undetected
Effectively reduces s

(|Asrz/z|), (| AsrRQ?/Q?|) = O(1 — 3%)
Shift in opposite directions for ZEUS,H1

N

Require identified scattered electron
Vertex reconstructed and in fiducial region
E —p, > 40GeV (ZEUS); 35GeV (H1)

The EF — p, cut:

—  (E —py)(final) = (E — p.)(initial) = 2E,
—  Cut removes photoproduction and hard ISR
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Q2 Resolution for NC Events (ZEUS)

| 450 GeV? 500 GeV> - 600 GeV’ - 750 GeV?
o RMS | o RMS | o RMS | o RMS
- 21% || 47% [ 21% [|52% | 23% ||55% | 23% || 54%
A l e e . | h
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| 23% [[53% [23% 1t51% [22% || 5.2%
: S B | Mo
- 2000 GeV* - 2500 GeV* - 3000 GeV?
- c RMS [ o RMS [ o RMS
£ 22% (V5% [ 2% 49% [ 2% 5%
- | - | T | M
5000 GeV> " 8000 GeV’ - 11000 GeV>
S RMS | o RMS | o RMS
22% 1 479% | 22% [l 45% | 22% || 4.4%
i [— ‘ | oo, : | i ‘ | : | | s -
- 22000 GeV> - 31000 GeV> L 45000 GeV>
RMS [ o RMS | o RMS
51% | 3% 52% | 29% | |4.7%
| - | X |
0 0.2 0 0.2 0

0.2

(Qf)A ) erue) / Q?rue

Resolution AQ?/Q? stable in entire Q2 range
Typically AQ?/Q? = 2—3% (Gaussian width)
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- , - -
In situ £’ Calibration (H1)
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LAr regions: forward to backward

Basic method: Use redundancy of
NC DIS kinematics to calibrate E’
Double—angle method vyields E’

independent of calorimeter energy scale

Accuracy still statistics—limited

E' energy scale reliable to 1 — 3%

Similar methods are used by ZEUS
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NC Data Samples and Systematics

ZEUS

H1

Q2 > 400 GeV2 | Q2 > 200 GeV?

Electron energy scale (affects mainly H1)

Electron finding efficiency

Accuracy of detector simulation

Vertex reconstruction

Trigger efficiency (small effect for ZEUS)
Luminosity uncertainty (~ 2.5%)
Photoproduction background (< 1%)

No dominating source

Typical systematic errors = a few %
— Analyses are statistics—limited
for Q2 above a few 1000 GeV?
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ZEUS Kinematic Plane (NC)

Changes w.r.t. the 1996/L P97 analyses:
Improved analysis algorithms
Slightly modified event selection

1 r
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2500 1817 | 1792 + 93
5000 440 | 396 + 24
10000 66 60 + 4
15000 20 17 + 2
35000 2| 0.29 £ 0.02
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H1l Kinematic Plane (NC)

Changes w.r.t. the 1996/L P97 analyses:

New E’ calibration
Slightly modified event selection

A Data 97

e Data 94 — 96
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NC Cross—Section Status at LP97

ZEUS and H1 NC 1994—-1997, LP97
(based on about 70% of the current data samples)

1994-97 Preliminary NC Cross Sections

N'§10 -
ot WM H1, ZEUS Average
Ng i A ZEUS
~ T % Standard Model (MRSA)
-
0O

ol -

o I

-1
10

' Data points correlated
2| Shaded area gives

-1 0 Error

10000 20000 30000 40000
Q% (GeV?)

— Indication of cross—section excess
—+ Deviation data — SM increases with Q2
— Let's look at do/dQ? first
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NC Cross—Section do/d Q? (ZEUS)
ZEUS Preliminary 1994-97

N% : .
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Error band = PDF uncertainty
Very good agreement with SM prediction
Slight excess at highest Q2
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NC Cross—Section do/d Q% (H1)

10 2% ® HI Preliminary Data
10 = —— NLO QCD Fit (Q’<120 GeV?)

do/dQ® / pb GeV™?

10 10
0’ /GeV?

Data / SM (QCD Fit)

1 6¢¢+¢¢

09 | t
08 -
07

0.6
0.5 3 2

0’ /GeV*

—  Error band = luminosity uncertainty
—  Very good agreement with SM prediction
—+ Slight excess at highest Q2
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NC Cross—Section do/dx (H1)

< 3000
N . *>1000 GeV*
Q™> € ® HI Preliminary Data
2500 —
S — NLO QCD Fit
©
> 000 - e~ T NLO QCD Fit
Y exchange only
1500 —
1000 —
500
O 72 L1 1
10° 10 1
< 9 ¢ .
N ’>10,000 GeV*
8 L Q™>10, € ® HI1 Preliminary Data
IS 40 — NLO QCD Fit
O
s S A NLO QCD Fit
6 - Y exchange only
51
4 F
3 F
2 -
1 -
0 B |

001 02 03 04 05 06 07 08 09 1
—  No indication of excess at highest x

—  Some sensitivity to electroweak effects
—  Good agreement with SM prediction
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Reduced NC Cross—Section (H1)
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Q’=30000 GeV"

Measurements cover region

r < 0.65 and Q2 < 30000 GeV?
QCD fit to lower—Q? data describes &
in complete (z,Q%) range
Highest—Q2 bins suffer from low statistics

® H1 Preliminary

— NLO QCD Fit
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U

Reduced NC Cross—Section (H1)

contd.
IOSE T \\\\H‘ T \\\\H‘ T \\\\H‘ T \\\\H‘ T \\\\H‘ T \\\\Hi
- OSLAC @ BCDMS O NMC e HI preliminary i
o 4 NLO QCD Fit MRSH —— |

103 x=0.13 (x3000) m...._"_._-.-’_,..._:‘,\*

x=0.18 (x800)

10

x=0.28 (x100)

10

x=0.45 (x12)

4 x=0.65 (x2)
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—_— |
|
—
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2
10 | | \\\\H‘ | \\\\H‘ | \\\\H‘ | | \\\\H‘ | | \\\\H‘ Lllll
107" 1 10 10° 10° 10

0’ /GeV*

Gap to fixed—target experiments almost filled
No discrepancies HERA /fixed—target obvious
Statistical precision still limited

Excess at x = 0.45 remains visible
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CC Analyses

Scattered neutrino invisible
Use ~;, and En5q for reconstruction

Main signature: missing py

pr > 10 GeV (ZEUS); pr > 12 GeV (H1)
Vertex reconstructed and in fiducial region
Anti—background event topology cuts

ZEUS H1

Q2 > 400 GeVv?2 z > 0.01
y < 0.9 0.03<y<0.9

— Dominated by hadronic energy scale
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Q2 Resolution for CC Events (ZEUS)
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Resolution AQ?/Q? stable in entire Q2 range
Typically AQ?/Q? ~ 25% (R.M.S.)
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ZEUS Kinematic Plane (CC)

Changes w.r.t. the 1996/L P97 analyses:

Improved analysis algorithms

Modified event selection

onf.
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CC Cross—Section do/dQ? (ZEUS)
ZEUS Preliminary 1994-97
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Error band = PDF uncertainty
Good agreement with SM prediction
Slight excess at highest Q2 7
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CC Cross—Section do/d Q? (H1)

® HI preliminary e'p — vX
— Standard Model (MRSH)

do/dQ’ /pb GeV?

x>0.01, 0.03<y<0.9

B Il Il \\\\\\‘ Il Il \\\\\\‘
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—
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\
e
+—o—+
H—e—

0.8
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02 |
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—  Error band = luninosity uncertainty
—  Good agreement with SM prediction
—+  Slight excess at highest Q2 7
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Reduced CC Cross—Section (H1)

SIS - Q7=400 GeV? - Q?=800 GeV?
L i }
ol b S
0] | Ll | P | Ll | L
Q°=2000 GeV?~ i Q’=4000 GeV?~
0.6 I C
02 - E - B
i 3
0] L R L RS L Ll L [ e S
Q°=8000 GeV? - Q’=16000 GeV?
03 - L
i T @ HI1 preliminary
oo L - e’ p — vX
Tor —— Standard Model
o i i (MRSH)
0] | S | \§\ $
1072 107" 10> 107" 1
X X

—  Good agreement with SM prediction
— Data do not yet allow precise study
of high—x region (x 2 0.3)
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Reduced CC Cross—Section (contd.)

SS - QP=400 GeV? - Q?=800 GeV?
L -
o5 L N
i Q>=2000 GeV~ i Q*=4000 GeV?
o6 -
oa L -
oo L -
- Q’=8000 GeV? - Q’=16000 GeV?
03 [ 5 -
[ (1-y)%(d+s) g
0.2 (u+c) MRSH -
01 s
o L L L i \
1072 107" 102 107" 1
X X

—  Sensitivity to different flavours and ¢/g
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W Mass Determination (ZEUS)

~ 3
> g Wmassfit
% 25 - x7 o
= | 6
% 2 2 N Mw = 100 GeV
T Y4 76 78 80 82 84
S Mw (GeV)
> | mf”m SF oY
? 1 :é T . |
s ‘Mw = 75 GeV
‘o M= 70 GeV
=z 05 ZEUS | | Mw = 60 GeV
s,  Preliminary 1994-97
= L. ‘ L ‘ L
0 3 4 2 2
10 10 Q" (GeV?)

Determine My, from x2—fit of theoretical
prediction (with variable My) to data

My, = 78. 6"' ; (stat.) T "'3 3 o (syst.) GeVv

Statistical error reduced by factor 3

—  Agreement with world average indicates
good understanding of E} 54 Scale

—  Confirmation of electroweak prediction
In spacelike regime
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Cross—Section Summary

The 1994-1997 HERA data have been used
for precision NC and CC cross—section mea-
surements for Q2 up to several 10000 GeV?2 and
for x as high as 0.65.

The gap to the Iower—Q2 fixed—target data at
high x is being closed.

All data for Q2 < 10000 GeV? show very good
agreement with the SM prediction and are well
described by QCD fits extending over several
orders of magnitude in Q2 and z.

The combination of NC and CC ep data in the
“electroweak regime” (Q? = O(M2)) promises
access to PDF’'s of different flavours and of
quarks and antiquarks.

The high—Q?2 excess of NC events observed in
the 1994—-1996 data has not been confirmed
by the 1997 data. However, both ZEUS and
H1 observe a NC cross—section above the SM
prediction for Q2 > 20000 GeV2. An excess in
the CC data cannot be excluded.

Minerva/G.I.F. Symposium 26.05.98 U. Katz 38



Scenarios Beyond the
Standard Model

—  Which phenomenological scenarios explain the excess?

—  Are they compatible with other measurements?

—  How can we test them?

“Low—energy’ manifestations of processes
at mass scales far beyond the HERA regime
Cover wide class of different processes
Related to ete™ and pp scattering

and to low—energy phenomena

New particles coupling to e and gq

can be directly produced in ep collisions
Signature: resonance in M = \/xs

Such particles can be pair—produced in pp
= detection at Fermilab possible
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Contact Interactions (CI)

Heavy boson exchange
Leptoquark (s or ¢t channel)
Interaction of composite
electron and quark

L4l

1

Historical equivalent:
4—fermion interaction

L= Y 0 Caren) (@um)
a,b=L,R;,q=u,d

—  Only chiral vector couplings considered
(avoids e.g. severe constraints from =« decays)
—  Interference with SM can be constructive or destructive

VV, A=2TeV, + VV, A=2TeV, -

10 =,
/.

\\
o(SM+CT)/o(SM)
\

o(SM+CT)/o(SM)

10 /

‘2.5‘ - ‘3‘ - ‘3.5‘ - ‘4‘ - ‘4.5‘
log,,(Q” (GeV?))

‘2.5””3 3.5“”4””4.5‘
log,,(Q® (GeV?))
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Contact Interaction Scenarios

—  CI strength given by common factor 47 /A2
—  Coefficients are taken to be ¢,;, =1 or O
—  Marginal effect if including

CL || el | eb | em | em || €0 | €k | € | €m
WI+T+[+[+[+][F]+]+
AA 4+ | — | =+ +]| - - |+
VA |+ |-+ |-+ -] +]|-
X1 ||+ | =]o0]o|+| =010
X2 +lo|+]0|+]|0|+]|0
X3||+|o|o|+|+]0]0]|+
Xalo|+|+]0|O0|+|+]|0
X5/ o+ |0 +|O0|+]0]|+
X6|[0o|lo|+|—-|o0]|O0]|+]|-
ut|+] o[+ |ofoflofo]o
uslo|+|+|ofoflojolo
us | o|+ |0 |+1|o0o|lo]0o]oO

—  Severe limits from Atomic Parity Violation
= all scenarios have ¢, | +¢ r—erL. —€err = 0
—  SU(2)L x U(1)r = €% = €, (not U1-U5)

1

i}
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Contact Interaction Analysis (ZEUS)

— Input: raw distributions without
acceptance or migration corrections
—  Simulate CI's by reweighting MC events

o(SM+-CI)
o(SM) true propagator (z,Q?)

weight =

— Determine log—likelihood(£1/A?) (LL)

-
-
10 —A\ ZEUS preliminary
L 1994-1997
8 I\ VA, @*>1000GeV?
— Binned LL in ¢* o T

— Unbinned LL in (z,y)
—  Very similar results

Ws

-0.2-0.15-0.1-0.05 0 0.05 0.1 0.15 0.2 0.25
n (TeV?)

—  Log—likelihood = best fit, 95% C.L. limits
— One—sided limits, probability normalised

to unity for positive/negative n
—  Cross—check with Monte—Carlo experiments
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CI Example Fits (ZEUS)
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— Points with error bars = ratio (data/MC)
—  Histograms show best fit (red) and
upper/lower 1o limits (green)
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CI Limits (ZEUS)

ZEUS Preliminary 94-97

n Fits and 95% CL Limits

A~ Limit (TeV) Q*> 400 GeV* A* Limit (TeV)

12 SM Probability) (% SM Probability)
vV (:;.62) }—Elzt—{ 4.9
AA 3 B B ot
VA o BN R s
X1 o e s
X2 | 2 e 3.9
X3 |23 | o 28
X4 :(;-‘:)) ] 4.5
X5 |9 i 38
X6 (:4;.2) — | | (431..?;)
us 3 e 42
ut o5 e
u4 (:7.'; L L1 ‘HHTH‘ L L1 "

-0.6 -0.4 -0.2 0 0.2 0.4 0.6

n/4n (TeV?)

Dots = best fit values

Double bars = lo—intervals

Single bars = 95% C.L. limits

Numbers = A values from 95% C.L. limits
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Comparison to Other CI Results

Limit Limit Limit Limit Limit

from from from from from

ZEUS CDF OPAL ALEPH L3
Type | A (TeV) | A (TeV) | A (TeV) | A (TeV) | A (TeV)
VV+ 4.9 3.5 3.3 4.0 3.2
VV— 4.6 5.2 4.3 5.2 3.9
AA+ 2.0 3.8 4.9 5.6 4.3
AA— 4.0 4.8 3.1 3.7 2.9
X3+ 2.8 - 3.5 4.1 3.2
X3— 1.5 - 2.9 3.6 2.8
X4+ 4.5 - 2.5 3.0 2.4
X4— 4.1 - 4.1 4.9 3.7
Ud+ 4.6 - 2.0 2.1 1.8
Ud— 4.4 - 2.3 2.6 2.2

CDF Coll., F.Abe et al., Phys.Rev.Lett 79(1997)2198
OPAL Coll., K.Ackerstaff et al., CERN-PPE/97-101(1997)
ALEPH Coll., ALEPH 98-021(1998)

L3 Coll., M.Acciarri et al., CERN-EP/98-31(1998)

—  HERA, LEP and Tevatron limits
are of similar magnitude

USSR

are excluded

Some ZEUS limits are the most stringent ones
No obvious indication for the existence of a CI
CI scenarios VV and VA with A =3 —-4TeV
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Positron—Quark Resonances

(& 67 VB

eq resonance
9dL.R > gL,R

q q,q"

LQ’'s only couple to e, q, v,Z, W, g
LQ’'s conserve SU(2). x U(1)r
LQ’'s are identified by S, F, Iy, @
BR(LQ —eq) =1 —-BR(LQ — v¢')
=0, 1/20r1

U

All have BR(LQ —eq) =1

—  Rp—violation: SUSY particles can be
singly produced

Squarks can have LQ-like couplings
Alternative, Rp—conserving decay modes
= BR(§ — eq) can be <« 1

—  No CC—type decay modes

_>
_>
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Tevatron Leptoquark Limits

—  Cross—section does not depend on LQ coupling
—  Sensitivity decreases with BR(LQ — eq)
—  Stringent restiction for LQ at HERA

[—

B(LQ — eq)
) [ )

B=

Q9 » ¢
\\\\‘\\\\‘\\\\‘\\\\

S
=)
|

=
h
LEPLimi . . ..,

=
SN
\

L L B R R
0 50 100 150 200 ) 250
MLQ (GeV/c)

LQ type BR(LQ —eq) =1 | BR(LQ — eq) = 0.5

S = 0 (scalar) 225 204

S = 1 (vector) 298 270
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e~ p LQ Coupling Limits from ZEUS
(1993—-1994)

1 L S— R T ¥
A A ro
S
-1 -1 5

10 10 b
S O A Y/ jﬁﬁfféﬁf
e §V1/2~
10 ; ; 3 3 O D o
R - Preliminary

50 100 150 200 250 300 50 100 150 200 250 300

Mass (GeV) Mass (GeV)

— These limits severely restrict F =2 LQ’s
as explanation for HERA high—Q2 excess
—  Similar limits available from H1
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New LQ Limits from H1

—  Fixed X\, M limit as function of BR(LQ — eq)

— Use Poissonian statistics in “sliding mass window”

B(LQ—>e+q)

B(LQ—e+q)

0.8}
0.6
0.4}

0.2

0.8
0.6
041

0.2}

H1 Preliminary

Leptoquark coupling to e* + d

]
DO combined Limit \ N

== H1 limit (1=0.1) \

(NC data only) §.
[ H1 limit ( 1=0.05) \\" ]

\&\
~ i
\%v
0 :\\‘\ L = =041
XCLOR T :
= \\\\ error band |
- '\\\\\\\\\\ ; for d quark pdf |
I y/ T T L ' L L L ‘ L L L L ‘ L L L L ‘ L L L L ‘7
75 100 125 150 175 200 225 250 275
M, (GeV)
Leptoquark coupling to e* + u
™
DO combined Limit ]
3 H1 limit (A=0.1)
(NC data only)

[ H1 limit (1=0.05) p
Jueny A— L ‘ L L L L ‘ L L L L ‘ L L L L ‘7
75 100 125 150 175 200 225 250 275
M, . (GeV)

— Mg > v/xs by ~ 4 GeV due to QCD effects
—  Bump at M| g ~ 210 GeV
—  Open window at small BR(LQ — eq)
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Conclusions and Outlook

Precision NC and CC cross—section measure-
ments for Q2 up to several 10000 GeV?2 and for
x as high as 0.65 have been presented.

Up to Q2 ~ 10000 GeV?2, the data are in perfect
agreement with the Standard Model. QCD
fits describe the data over several orders of
magnitude in Q2 and z.

The excess at Q2 > 20000 GeV? is not con-
firmed in the 1997 data but is still present.

New limits on Contact Interactions and eq res-
onance production have been presented. NoO
significant evidence for deviations from the SM
is found. Some discovery windows for HERA.

1998—1999: e p data at E, = 920 GeV.

After 2000: HERA upgrade: ~ 100pb~—1 / year
Longitudinal e polarisation

We envisage an exciting future
for high—Q2 physics at HERA
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