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The Standard Model

1 electroweak symmetry breaking:

e precision electroweak
measurements

e role of the top quark:
study EWK interactions
with top quarks

e search for new physics

— ep collider excellent to explore EWK theory
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LHeC, Linac-Ring Collider

Energy Recovering Linac e* beam:

10-GeV linac Injector 60_ 140 GEV
(LHeC, FCC-HE)

Total circumfrence ~ 9km

Final electron focus LHC proton beam

Beam dump
10-GeV linac

Interaction point / detector

Lint < 100 fb-1 p beam: 7 TeV
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Deep Inelastic Scattering

Neutral Current (NC) Charged Current (CC)
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Deep Inelastic Scattering

Neutral Current (NC) Charged Current (CC)
e e e 8.
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1z w
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= premnant == = p remnant

— LHeC is unique facility for testing EW theory:
two charge states, different polarisation states,
NC+CC, p or isoscalar targets
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NC Cross Section Measurement

x=0.005 LHeC x=0.05 LHeC

Neutral Current (NC)
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— high precision in large range of Bjorken x and Q?

LHeC TDR, J.Phys. G39, 075001 (2012)
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Quark Couplings to the Z boson

Neutral Current (NC) Charged Current (CC)

— Sy

= p remnant

== p remnant

= JL xial coupling, I3=+ oru, - or = =
a, =13 wxdcouing vz foru v2ferd - G o simulated NC and CC data to extract
v, =15 —2e, sin" 0, Vector coupling du, ad, Vu, Vd and PDFs simultaneously
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Vector and Axial Vector NC Couplings

C: e beam: 50 GeV, 1 fb 1 ep, 1 fb-! etp, polarisation: 40%

HERA+LHeC fit HERA+LHeC fit
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LHeC TDR, J.Phys. G39, 075001 (2012)
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Vector and Axial Vector NC Couplings

C: e beam: 50 GeV, 1 fb 1 ep, 1 fb-! etp, polarisation: 40%

significant improvements for higher luminosity and FCC-HE
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— high precision measurement
— test new physics: Z’ boson, R-parity violating SUSY, leptoquarks

MancHESIER - EWK and Top Quark Physics in DIS - Christian Schwanenberger - DIS 2014 LS ® sOC! 1Y



Asymmetry Measurements
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Asymmetry Measurements
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Scale Dependence of sinZ0w
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— probe large range of scale dependence
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CC Single Top Quark Production

— future ep collider is ideal to study EW interactions of
the top quark
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Gluon Parton Density Function

— measure gluon density at high x
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Top Quark Parton Density Function

LHeC TDR, J.Phys. G39, 075001 (2012)

e-\/ Ve
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5
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— LHeC offers new field of research for top quark PDF
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CC Single Top Quark Cross Section

Dutta, Goyal, Kumar, Mellado,
arXiv:1307.1688 [hep-ph]
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CC Single Top Quark Cross Section

100 fb1:
Vs (TeV) 2-6-10° events

oo LB L67 205 237 265 290

10 3
5
2 1
©

0.1 3

0.01

— LHeC offers excellent prospects for top quark physics
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Signal and Backgrounds

signal Fr > 25GeV background
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e Ve H,j Z e
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P
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Direct Measurement of |Vip|

(Vud Vus Vub )
VCKM — vcd Vcs vcb
\vtd vts \/tb )
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Direct Measurement of |Vip|
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Dutta, Goyal, Kumar, Mellado,
arXiv:1307.1688 [hep-ph]
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Direct Measurement of |Vip|

e A|Viw| -1000
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R i
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Direct Measurement of |Vip|

- vV Vtb direct measurements . ,
€ e November 2012
CMS Wt L 1.01 18 12 133} >0.79 @ 95 % CU
(L=12M")
ATLASW! o, 1.03 18 }'“, %0 8}
(L=10m"
CMS8TeV gl 0.96+0.08+0.02 >0.81 @ 95 % CL
(L=50Mm")
CMs7Tev o 1.02£0.05£0.02 >0.92 @ 95 % CU
P (L=12m")
ATLAS 8Tev g 1.04%0.10£0.02 >0.80 @ 95 % CL
(L=581")
ATLAS 7Tev | g ,1.1310.1410.02 >0.75 @ 95 % CL
(L=10m")
Vekm =\ Veg Vs Vi 0o o 11230134005 >0.79 @ 95 % CL
(L=541")
\vfd Vis Vo ) cor e 0.92133940.05 >0.78 @ 95 % CL

LHeCc X 1.000%+0.005
(100fb)|  (expected)
| | ! !

0.5 1 1.5 2 25 3
Vtb

— high precision measurement
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Search for Anomalous Wtbh Couplings

g - _
| Lo L @,
=1 In SM v

__8 pio™g,

V20 M,

(£7P,+ £ P )tW, + hc.
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Search for Anomalous Wtbh Couplings

=1 in SM
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Search for Anomalous Wtbh Couplings

Dutta, Goyal, Kumar,
Mellado, arXiv:1307.1688
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+ other variables sensitive on W helicity
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Search for Anomalous Wtbh Couplings

g - u ! B Dutta, Goyal, Kumar,
L=——/:b}/ th L R)th Mellado, arXiv:1307.1688
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Search for Anomalous Wtbh Couplings

1_
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0.8~ | —
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Search for Anomalous Wtbh Couplings

o/ F 5 R
. st s
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Top Quark Polarisation

Atag, Sahin,
PRD 73, 074001 (2006)

cosO: angle between charged
lepton and spin quantisation
axis in top rest frame

1 dI' 1 N
I'rdcosf 2(1+Auacose) Arp = Ny TN,
P feosf |
09 + SM
08
using simply e-beam axis: . |
polarisation: Py = 96% $ %
§ 05 1HFR==
- 04 +
08 b
02 ¢ accuracy of order 10-2
20 fb~1: Py = 0.82+0.34 y |

-0.8 0.6 04 -0.2 0 0.2 0.4 0.6 0.8
CMS-PAS-TOP-13-001 cosf
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NC Top Quark Production

Bouzas, Larios,
arXiv:1308.5634

top pair production single top

production

DIS photoproduction photoproduction

, t
I tt t / , %’% b /
I L P9 . t / Vl/l/l’w
e-beam 140 GeV, 100 fb~1!:

0.12 pb 3.2 pb 0.143 pb
Niz=12,000 Niz=320,000 N:=14,300
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Analysis of the tty Vertex

signal y ; background
t q
1Qey* ,
pol a

— measure top quark charge
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Analysis of the tty Vertex

signal background

v b

iIQey*
g

# t
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Search for Anomalous tty Couplings

tt'y

(Qt’)/'uA -+ %O'MUF ,/(K) -+ ’HZZ’Y{;)) 4
my
K!

electrlc dlpole moment

g
< vV E e=60GeV
¢ 1+ B — Xgv
LHeC: — ;’l —
10% and 18% accuracy | = L :
- LHC with™
- 5% accluracly | | .
-2 -1 0 l g
Bouzas, Larios, magnetic dipole moment: k

arXiv:1308.5634
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Single Top Quark Production: FCNC

b-tagging: e et
60% efficiency

b

150<Mwb<200 GeV
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q=u,c _ 10-2 i_ ------------ :‘!.: ...... W+jet ______
> “
o -, Tty =
LHeC TDR, g 108 b L T
J.Phys. G39, R
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- 107 ' T
€ beam 70 Gev 20 40 60 80 100 120 140 160 180 200
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Single Top Quark Production: NC

[TeV 1]
0.035 B 95% C.L.
i 90% C.L.
i 68% C.L.
P 0.03 -

0.025 — 10 fb—l
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p—— 0.02

0.015 |-
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J.Phys. G39, :
075001 (2012) 0.01 [

; accuracy of
el order 102
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0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
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MANCHESTER
1824

FCNC Top Couplings at Colliders

1 95% C.L.
— F
3 -
2 .
0.8~ H1
0.6
\— ZEUS
| Iy,
0 Sy sl L3
:CDF ....... .............. DO
0.2 — .
0-| Lo | |:E| %///////
0 0.1 0.2 0.3 0.4 0.5
I, |

dimensionless coupling (A=m;) tuy
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FCNC Top Couplings at Colliders

1 95% C.L.
—~n F ZEUS
>3 s L3
- 7 2 R SO I ° 1
107 S 24 fb-1, 7 TeV _%////
: o 51b1, 7 TeV +
i = 201fb,8TeV %/
102 %
- 1 1 L1 111 II 1 1 L0 0111 II E /%
107
10° 10 10"
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FCNC Top Couplings at Colliders

Top Quark Working Group

Collaboration, 1
arXiv:1311.2028 [hep-ph]
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| |||||III|
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ATLAS: 300 fb-':

102 |- Vs=14 TeV
- 1 1 | I | IIIII 1 ] 1 IIIII
1073
103 1072 10"

EWK and Top Quark Physics in DIS

- Christian Schwanenberger - DIS 2014

SOCIETY
BRATIN 0 AR



FCNC Top Couplings at Colliders

Top Quark Working Group o
Collaboration, 1 95 /O C- L-

arXiv:1311.2028 [hep-ph]

5fb-1,7 TeV +

10 @ 2.1fb1,7 TeV .W////

20 fb-1, 8 TeV

ATLAS: 300 fb-1:
102 Vs=14TeV /
- ilp /

- "o ;

i 500 fb-" i
Vs=250 GeV /%//

10-3 ] ] IIIIIII ] IIIIIII :

107 1072 10"
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FCNC Top Couplings at Colliders

1 95% C.L.
N - ZEUS
:,3 e SO L3
— T D e 1 DO

@ 2.1 b1, 7 TeV

-
Q
| |||||III|

5fb-1,7 TeV +
-} 20 fb-1, 8 TeV

=1

EWK and Top Quark Physics in DIS

- Christian Schwanenberger -

DIS 2014
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FCNC Top Couplings at Colliders

: 95% C.L.
_IEI, B ZEdS
= Fgpe
¥ 1
1015_ 321fb,7Tev
- 5fb1,7 TeV +
B -} 20 fb-1, 8 TeV
§ ATLAS: 300 fb-':
102 |~ Vs=14 TeV :
- LH.C
- ilp
- 100 fb-! o
i 500 fb-1
Vs= 250 GeV
- 1 1 1 1 111 II 1 1 1 111 II
107
103 1072 10"

— test SUSY, little Higgs, technicolor... IKtuyI
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e future ep collider has a rich analysis programme for
electroweak interactions of light and heavy quarks

e study top at ep collider for the first time

e high precision measurements of light (vu, au, vd, a9) and top
quark couplings to gauge bosons (mainly |Vw|, Wtb, tty, ttZ)

e analyse top quark properties: polarisation, charge, PDFs of
tops, ...

e many stringent searches for new physics:

anomalous couplings, FCNC, H* bosons,
heavy top, SUSY, technicolor, ...

— more exciting studies to come
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Scattering Experiments

~ 107
of  F sabe+i
g 10 E | I |
8 g =
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2 10°
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LHeC Overview
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L - LHeC Experi t3
O .06
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o - HERA Experimenss: rq few times 10%9m
10 5 :_ [ H1l and meture _:
E Fixed Target Experiments: ;
: NMC Large x
10 4 = BCDMS - —
" 0 Eees High precision
- partons in plateau
3L e of the LHC
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0 " | High Density Matter 2. Jets, c,b,t
- Structure 0 3 3. Lowx,
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CC Single Top Quark Cross Section
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CC Single Top Quark Cross Section

Vs (TeV) N )
b t b
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Backgrounds: Hadronic Channel

No. Background prjp >20GeV  Adg; >04  |my,;, —mw| < 22GeV Oeff.
Process ;| < 5,|m| <25 Adg,>04
AR/ =04
Er > 25

1 e p—v.W b 7.5 x 107° 6.8 x 10°° 4.5 % 107° 2.7 x 107°

without anti-top line
2 e p— vejji 4.2 x 10° 3.6 x 10" 2.4 x 10° 7.2 x 1072
3 e p — V] 1.5 x 10" 1.2 x 10Y 8.6 x 107! 8.6 x 10°

& e p— v.tjj
4 e P — VeCCj 5.8 x 1072 5.0 x 1072 3.2 x 1072 6.7 x 107°
5 e p — vebbj 2.5 x 1077 2.2x 1077 5.6 x 107 1.3x 107
6 e p— e 2.5 x 1072 2.2 x 1072 1.5 x 1072 1.5x10°*
(c—>W~'s
Event Selection | pr;, > 20 GeV ~ A®gy; > 04 |m;;, —mw|<22GeV  Fiducial S/V/S+B
In;| < 5,|m| <25 Adg, >04 Efficiency
AR,y > 0.4
Kr > 25
SM 3.2 x 10* 2.3 x 10* 2.2 x 10* 66.7 % -

SM+3_. Bkg; 6.5 x 10* 5.0 x 10* 4.0 x 10* 61.5 %
|Vio| AfL = .5 7.3 x 10* 5.0 x 10* 5.0 x 10* 68.0 % 1.92

fB=05 4.6 x 10* 3.2 x 10* 3.2 x 104 69.7 % 1.43

ff=05 4.9 x 10* 3.6 x 10* 3.6 x 10* 73.2 % 1.55

F=—-.5 3.4 x 10* 2.3 x 10* 2.3 x 10* 69.6 % 1.40

=25 5.7 x 10* 4.1 x 10* 4.1 x 10* 72.3 % 1.69
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Backgrounds: Leptonic Channel

No. | Background prjp. = 20 GeV, AR;,,; > 0.4, Br > 25 Ady,; > 04 Oeff.
Process |n;i| = 5, |nea| = 2.5 Adg;, > 04
Adg, > 0.4
1 e p— 1l D) 1.5 x 107! 1.4x 1071 1.4 x107°
e p—l Dee 6.6 x 10°° 6.1 x 1073 6.1 x 10°*
& e p—l et
3 | ep—=l b 3.6 x 103 3.2 10°° 1.9x 103
& e p— 1l b
Without top line
4 e p—el e 1.5 x 1072 6.9 x 1073 6.9 x 104
5 | ep—ael iy 1.2x 107! 5.5 x 1072 5.5 x 107%
Event Selection prjy = 20 GeV Adg; > 0.4 Fiducial S/VS+B
In;| < 5,|m| <2.5 Ady, > 0.4 Efficiency
AR,/ >04 Adg,; > 0.4
Er > 25
SM 1.2 x 10* 1.1 x 10% 92.0 % -
SM-+3", Bkg; 1.3 x 10* 1.2 x 10* 92.0 % -
|Vio| Aff = .5 4.5 x 10* 2.5 x 10* 92.6 % 1.55
f=. 2.8 x 10* 1.6 x 10* 94.1 % 1.23
ff=.5 3.1 x 10* 1.7 x 10* 89.5 % 1.27
fE=—5 1.8 x 10* 1.0 x 10* 90.9 % 0.95
=25 3.6 x 10* 2.0 x 10* 90.9 % 1.38
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Search for Anomalous Wtbh Couplings
L=- %5 }’”Vﬂ,@L @/' ) twW, ﬂZﬁ:&f‘)ﬁi;vKﬁzg' 1688

g ~io"q, \ _
) . £ G LR w, +he.

Y 68% C.L.

\ — . P
b t b
b LHC combination preliminary
-1 -1
\s=7TeV, L =35pb"-2.2fb P
syst. error syst. error
2 1 — —
2 Y R ——
0.6
QO ! QO osl
v 05 Lo KPR
L] ot = 0 P
% s | B 02 B2
04 0’0’0
4= 06 | £
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Search for Anomalous Wtbh Couplings

=1 in SM
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Search for FCNC in Top Quark Decays

excluded at 95% C.L.

m, = 175 GeV,c . = 6.90 pb
Bz = Vicz = Bz = Ky, = 0

DO, L = 4.1 fb"

YIIIII 40 2 A AL A LI SIS LY A LI A Y,

L TR 00 D s d A 10
. 0.3 0.4 0.5

K|

world’s best limit S5
(5.0 fb1) Z—

arXiv:1208.0957 [hep-ex]
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Search for FCNC in Top Quark Decays
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- €x, N ' -
i °luaed b N — — DOt — u(c)Z I
y ZEUs § ------- ALEPH t — u(c)y,u(c)Z
SNNN

YNSRI NN W \\\\.’\\\\\\\\\\.\.\\x\\\\\\\\\\ o
i S —" S——" \}}:-\}.}L\}A}-\_
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NEN
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Search for Anomalous Wtbh Couplings

IF_/%EVH‘Q)@L R ) tWM_

PLB 708, 21 (2012)

linsM — | -£b%2 Vqu@LR)th"+h.c.

= 4 ® DO 54fb" o« 0.5 ® DO 541fb" o 0.5 ® DG 5.41fb"
L (b) *x SM o (a) * SM - (c) * SM
% 4 [168% C.L. >~ 0.4 []68% C.L. S=0.4¢ []68% C.L.
= [ I 90% C.L. — I 90% C.L. — - I 90% C.L.
i I 95% C.L. 0.3 I 95% C.L. 0.3 [ 95% C.L.
2:— :
I 0.2-
0.1
2 3 4 % :o.s ! 15 2
|V f | |V f | |V f |
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Search for Anomalous Wtbh Couplings

@@ | e

= 11in SM — -%Eij;:IV@LR)tWMWh.c.

single top

h S 4 - 3V} . A .
= (b) % 2234t ‘ {i-o °l eDosat’  [I68%CL. n;.—_._o ° eppsafb’  [les%CL.
“Ya | 2 [ %SM 90% C.L. 2 [ &SM 90% C.L.
I [168% C.L. 2 0.4F . > 0.4} .
> 3.? B 90% G.L. : M 95% C.L. : M95% C.L.
B 95% C.L. 0.3/ 03
0.2F
1 0.1
2....3....4 00‘#2 3 L;l
2 I
v, | Vilv
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Search for Anomalous Wtbh Couplings

8 i - PLB 713, 165 (2012
L=_—_byuv@ )tW : (2012)
/th t K H
— 1 / _ 8 _iauqu@ .
=11inSM \/Eb M, L R)th"'h'C'

single top

O 4 - N . o .
< (b) % 2234t 1 f._.'-o 55 ®pgs54fb’  [J68%C.L. n,:,—_.-o 5; ®pos54fb’  [168%C.L.
“a o S2 ,F kSM Mo0%C.L. 2 | *SMm M90%C.L.
> 3 o oe S =04 @) 204 95% C.L)
: 95% C.L. 0.3 — 0.3 —
Tl Vi I <0.046 T Vi <0.121
2— |th fVR|2 < 0.294 : | tb 1T | : | th 1T |
20 0.2
1 0.1
JDA __________ &
U 1 2 37 7g 00 '*1( 2 3 ] ;1
|thfL 2 IthfVI

THE ROYAL
SOCIETY
BRATIN 0 AR

MancHESIER - EWK and Top Quark Physics in DIS - Christian Schwanenberger - DIS 2014



The Top Quark

* needed as isospin partner of
bottom quark

o o~ discovered in 1995 by CDF and D@:

* large coupling to Higgs boson ~ 1.:
important role in electroweak
symmetry breaking? ‘

s short lifetime: T~ 5 10 %s < I\‘IQCD:

decays before fragmenting
— observe “naked” quark

Is the top quark the particle as predicted by the SM?
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Search for FCNC in Top Quark Decays

€

L = t — Z* + h.c.
FCNC 2 sin Oy cos Oy ”Yu(’UZ azv5)q + h.c

* select 3 leptons, missing transverse momentum, 2 jets
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Search for FCNC in Top Quark Decays

= -
-E - il tt FCNC, B(t—Zq)=5%
8. 30 - T —s— Data
, 4
w 5 [ Wz -1
9 v B 20 -ZZ DQ,4.1fb
L - Other backgrounds
10F
C 444944444449444444444444
g ‘
Z <
¢ 0 0 i 2
J niet\
30 - > - >

é D@, 4.1 6" [ rene, Buoszays% g +DO,4.1 fo! [ Fone, Baza=s% | 3
8 [ _L == Data g [ =o=Deta. g | m
2 € Ewz g T | @
g g | Wz g | A Wl
5 5 [l Other backgrounds 2 i M{ [l Other backgrounds

Z L Hlm

| ) : L (©

% 200 400 600 800 1000 % 200 400 600 800 1000

H, (GeV) H, (GeV)
3 leptons + 0 jets 3 leptons + 1 jet 3 leptons + 22 jets
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Search for FCNC in Top Quark Decays

> F . ~ —
8 :Dﬂ, 4.lfb] Hii]thCNC,B(t—)ZQkS% % 1000 DQ 4 1 fb] .l: tt FCNC B(t—)Z(])—S%
S —=—Data o 300 - : :l: SM backgrounds
5 2 Cwz . :t & o & . ¢
g [ | 2z - 55555535 . 1
2oL Ll Moverskgrs TP iz b)
! 5 400 . . e m = = - - . ol
- . - o= e = = - - E .
HEH o - OO0 @ & = -« - - .
200 oEE e = e o 2 0
ob PR Y 1 1 L
mreco 0 100 200 300 40
top 3 leptons + 21 jet migy (GeV)
g Dﬂ 4.1 b [EdFCNC, B-Zg)=5%
2 i) —~Daa
P Qv
: L mz ()
>t ; Other backgrounds
Phys. Lett. B701, 313 (2011) 95% C.L. = | :. '
{B(t—*Zq) < 3.2% (3.8% expected)} ol
0
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Search for FCNC in Top Quark Decays

> 14.- llllll lll.'l'lllllllll.'ll >
8 | aras . data 3
N ok ----tt-- WbZg signal] ~ ©
2 Zdet=21fb‘ W vz P
2 10 Clesw 3§
31D 0 zsjets A
3 dibosons
8'.- bkg.umunhty
o % 3
| %
4 / ]
: t X
:I Z —
Y,
80 85 90 95 100 105 140 160 180 200 220
m, [GeV] m, [GeV]
m;z Mtop

counting experiment:

B(t—/2q)<0.73%
(0.93% expected)
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Search for FCNC in Top Quark Decays
pp — tt > Zq+ Wb —>€€q+€vb(€ =e,U)

918 CMS\S = 7 TeV, 5.0 fo” Iz %,a

S, [ 9} .:l

o 16 B wwwzzz ol B wwwzz
~ 14 Wl singie-0p ~ 14 Il single-top

2 [(Jt-za=1m] 2 [(Jt-2ae=1%)
€12 S 12 ,

@ 10 @ 10

counting experiment:

B(t—Zq)<0.24%
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Search for FCNC in Top Quark Decays

excluded at 95% C.L.

m, = 175 GeV,c . = 6.90 pb
Bz = Vicz = Bz = Ky, = 0

DO, L = 4.1 fb"

YIIIII 40 2 A AL A LI SIS LY A LI A Y,

L TR 00 D s d A 10
. 0.3 0.4 0.5

K|

world’s best limit S5
(5.0 fb1) Z—

arXiv:1208.0957 [hep-ex]
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Lepton+jets Signatures

background

QATLAS

A EXPERIMENT

Q|
Ql

@8 THE ROYAL
]G SOCIETY
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Dilepton Signatures
background

g Vv
1A q g b
g ft' \999“ b
ee, ey, py W v T
jets 7
§ / ig

> |less statistics
* less background

7 EXPERIMENT
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It has been challenging for years...

— | q g
5 Total inclastic - \ 5
. 2-10™)
s - mb
; 10° bb
5. 6

10" Fub

16 =

- ND
16'° . /

tt

S
10 ¢ \m:_’lc top

14
10 Higgs (ZH + WH) \ 9
-I6.-fb

109 00— 0 140 160 T80 200
Higgs mass (GeV)/¢

cl

= multivariate analysis techniques
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Events /2 GeV

Events /10 GeV

ey
£y
|

Search for FCNC in Top Quark Decays

3 ID selection
* p;(1%)>25 GeV

TLAS * data

A
----tt-» WbZq signal_|
f Lat=2.115"  lawz ]
[Tetsm
3ID I Zsjets
dibosons

bkg. uncertainty ]

80 8 90 95 100 105
m, [GeV]
(a)
I 1 1 I
ATLAS data
----tt-» WbZq sig
Lat=2.116"  Ildwz
[eesm
3ID I zsjets
dibosons

bkg. uncertainty

MANCHESTER
1824

_____ V,
7 Z
P ' -----
140 160 180 200 220
mllq [GBV]

Events /2 GeV

Events /10 GeV

2ID+TL selection

 2ID + ‘track lepton’, p; (TL)>25GeV

T]

Farias w tt —» qZ bW — qll blv
- . “To i WhZq signal |
:i_fL"‘=‘°--”° W * 3 leptons (p; > 20 GeV)
E ttwz 1
i Raath dvosons e 2 same flavour |m(I*l")—m(Z)| < 15 GeV
: bikg. uncertanty . )
4 e E/™> 20 GeV, >= 2 jets (p>25 GeV)
3 ]
a 80 85 90 95 100 10.5
m, [GeV]
(b)
8FatLas e
. ﬁwuqstgnal_
det=21 ' gl akes ]
M vz E

140 160 180 200

my, [GeV]

EWK and Top Quark Physics in DIS

| counting experiment:

B(t—4Z2q)<0.73%
(0.93% expected)
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