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Eventswith | solated L eptons

Searchfor: ep—eX|v

Signature; H1 candidate event:

Event MUON-2 ‘

- Isolated lepton

- large missing transverse
momentum p_"* ™

- (large hadronic transver se ‘@ A
momentum p_*)

Ph =28GeV, PY = 67GeV, PPi%® = 43 GeV

e+ * -2 «7p
Main background:
W production, e.g.:
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H1 | solated L eptons

3 N, =18 - I 18
= data @ [l Prelim. data = data ® Dala
g 102 Nexp = 10484252 ] aAnswm processes g 10 2:— Nexp 10.48£2.52 ] AlSM processes
2 ] SMerror 2 - 1 SMerror
----- EPVEC ----- EFVEC

18 electron and
muon events
obser ved,
10.5+25
expected from
SM
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M,/ GeV PX/GeV
H1 preliminary Electron Muon combined
94-00 e p (101.6 pb~1) Obs. /expected (W) Obs. /expected (W) Obs. /exp.
p¥ > 25 GeV 4/1.2940.33 (1.05) | 6/1.54 £0.41 (1.29) | 10/2.8 £0.7
pg > 40 GeV 2/0.41 £0.12 (0.40) | 4/0.58 £ 0.16 (0.53) 6/1.04+ 0.3

‘Excess of isolated lepton events above SM prediction.
-Events have lar ge hadr onic momenta.




Single Top Quark Production at HERA

- ep - etX inthe SM only through loops,
GIM suppressed

[1 negligible cross section (~1fb)

- Possible production mechanism through o
Flavour Changing Neutral Currents e /
(FCNC)

- Predicted by SM extensions

> Effective anomalous coupling Ky

e
y W<
T ¥
. Z_exchange suppr essed P \
- u quark dominates at high x o g
Jet

- Top quark decaysto Wb
- W decays into lepton+neutrino (30%)
or into (70%).




H1 Final Top Selection

H1 Preliminary
reql'“re “E 10 % 1 sl @ Data (3 events)
- positively char ged o T SM
isolated lepton > lFpe t I+ Top MC (et
. pTX>25 GeV (35 GeV) 0 A} milic™
. M_">10 GeV S =
T 2t "
10 | =--
E | A N N T A R R . S B
+ 3 electron and 2 muon 100 150 200 250 300
events compatible with M(evX) (GeV)
single top production. 0 -
* 181029 events eXpeCted ‘E g sl @ Data (2 events)
from background > 1L 1l o
(mainly W production). A ) Top MC (a.u.)
-1
10 |
- Top mass reconstructed as
Invariant mass of |-v-jet, 10 2L . .
using kinematic constraints o0 1m0 a0 w0 300
M(uvX) (GeV)



ZEUS | solated Leptons+ Single Top

- No excess above SM
expectation observed.

- Distribution of kinematic
variablesis compatible
with SM prediction.

After final top selection cuts:

. 7 events observed,

ZEUS preliminary
94-00 e*p (130 pb~?)

Electron
Obs. /expected (W)
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5.4+ 0.7 exp. from SM (mainly muon pair prod.)

px > 25 GeV

1/1.14 £ 0.06 (1.10)

px > 40 GeV

0/0.46 + 0.03 (0.46)

ZEUS preliminary
94-00 eTp (130 pb~1)

Muon
Obs. /expected (W)

Py > 25 GeV

1/1.29 + 0.16 (0.95)

pr > 40 GeV

0/0.50 + 0.08 (0.41)

» No candidates for
Single Top Production




events

Search for:

Single Top Quark Production - Hadronic Channel

> et

eu

>»ebW — ebqq

Signature: 3 jet eventswith M'=M  and M3=M

top”

Background: yp —» 3jet QCD processes.
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H1 1994-2000 data, L=115.2 pb™

H1 Data
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‘No excess above SM prediction in both experiments.
-Sensitivity lower with respect to leptonic channd.

H1 94-00 After Top Cuts
Data 14
SM 19.6+-7.8
Efficiency 21%
ZEUS 95-00
Data 19
SM 20.0
Efficiency 31%




Excluson Limitson FCNC

ZEUS and H1 [imits combine
L eptonic+Hadronic results.

u,c

ZEUS Prellmlnary KIW

: H1 Preliminary Ky
:} (Leptonic + Hadronic Decays)

-
////l’//// ~

e (Leptonlc Decays)

Excluded by CDF

SRR

AU
S

RN

A

:;ELEF Prellmlnary

HERA iscompetitive with
LEP and TeVatron for Ky.

K, = electromagnetic coupling to photon
v, = vector couplingtoZ_




L epton Flavour Violation

- Extensions of the Standard Model allow LFV
(Leptoquark models, R-parity violating SUSY, ...)
- HERA isan ideal placeto search for both, e -~y and € -T.
- Quantitative description: L Qs coupling to different generations.
»>Buchmiller-Ruckl-Wyler moddl:
14 LQ typeswith Fermion number O, 2 (F=L +3B)

Narrow Width Approximation for High Mass Approximation
Low MassLQs(M <\ (M, >>\9)

Signature:
- Isolated p or T with high p_ Signature:
- Peak in thel-jet mass spectrum - Isolated p or T with softer p_ spectrum
-| and j et back-to-back - Both F=0 and F=2 L Qs ar e consider ed
-only F=0 LQs considered (interaction

with valence quark for e'p) 9




LFV p Channel Signature

‘JR

y/

-Isolated p in the missing p_ direction

-Small SM background
‘High selection efficiency (~40%-60% for low mass L Qs)
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LFV 1 Channel Signature

Simulated
event,
m_,=200GeV

+ + 0
T KT v

T

-High p_isolated e or pin themissing p_ direction
-Narrow jet with 1-3 tracks, pointing into the missing p_ direction

-Low SM background
-Selection efficiency ~25%-30%
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Search for e+rp-tX: Low Mass Limits

No LFV eventsfound in both experiments.
> Set limits on characteristic Yukawa couplings

= 7= = 1 =
= {:) ------------------ = f{g‘ = d) TR XL LS =
= ZEUS 1994-97 - [ AR ARARTRS -
A . 7EUS 1994-97 -
SEbh i = (L NN L L L) ot
= e 10 = N
- Sy A ] - R ]
- _— S]_,rl, ?Leql = ?L’tq . - —_—V 0 ’?Leq = ?L'tq .
| memmeme- (11)t o mxe B 10 3L Tttt (1)t >me B
S (1)Ko xmvy E S— (12)t—>Ke 4
et - (13)BoteX - gb e (13)Bo>teX
Sl o o oo v Lo na L 153 Y Elo i lanalonnllana lanllnal5s
140 160 180 200 220 240 260 280 140 160 180 200 220 240 260 280
M, , (GeV) M, , (GeV)

LQ type Sf/z Sip% Sfm

)\eqlz)\lqj:O.B H Mass limits (GeV) | 275 276 258

% T
L
e MaN_
4 J
NWA 2
o " ocA e, B

Similar results

obtained by H1.

>HERA improves limitsfrom low ener gy experiments.
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Search for etp-pX: Low Masslimits =

ZEUS
IZJE‘:,USI (Erflla) 94-60 e+p|
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L) uN—eN
1,2)K—pe

III|II\|III|III|III|I\I|III|III_
140 160 180 200 220 240 260 280 300

M, , (GeV) M, , (GeV)
Lower mass limit at 95% C.L by assuming A.4; = 0.3
LQ type Sf/g S{% S‘f/g v | v | vE | vE
Mass limits (GeV) 296 296 280 279 284 208 301

HERA limits competitive, if 3" quark generation isinvolved.
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Search for etp - pX, etp - tX: high masslimits

. contact interaction cross section for ML Q>>\/s:

. selection efficiency independent of M =
but varies with quark generation

- New preliminary results from ZEUS using all data (94-00).

- limitsfor higher generation quarksimproved.

14



Search for etp - puX: high masslimits

= Zeus Preliminary (94-00 combined limits) w (Tev —2)
MLQ
9395 Sf/z Sf}z Sf/z Vo~ Vo' i V"
e u e_(ﬁJrcf) e d e d e d e e_(\/ﬁﬁJrcf)
et u e+(u+d) et d et d et d et u e—’_(\/fu—i—d)
ulN — elN ulN — elN ulN — eN ulN — elN pIN — elN ulN — eN ulN — eN
11 7.6 x 1079 2.6 x 107D 7.6 x 1079 2.6 x 1079 2.6 x 1079 2.6 x 109 1.1 x 10— °
1.1 0.9 1.6 1.0 1.0 0.8 0.4
D — pe K — pe K — ne K — ne K — pe D — pe K — peé
12 4 2.7 x 10790 2.7 x 1079 1.3 x 10—° 3x 100 2 1.3 x 1079
1.2 1.0 1.7 1.2 1.2 1.0 0.5
B — e B — ué Vb B — e Vb
13 * 0.8 0.8 0.2 0.4 * 0.2
1.8 1.8 1.5 1.5 1.5
D — pe K — ne K — ne K — npe K — pé D — pe K — pé
2 1 4 2.7 x 107° 2.7 x 107° 1.3 x 10792 1.3 x 107° 2 1.3 x 102
3.6 2.4 3.2 1.3 1.3 1.3 0.6
p — 3e p — 3e p — 3e p — 3e p — 3e p — 3e p — 3e
2 2 5x 1073 7.3 x 1073 1.6 x 102 8 x 1073 8 x 1072 2.5 x 1072 1.5 x 1073
5.8 3.1 3.8 1.9 1.9 2.9 1.2
B — peXK B — peK B — peK B — peK B — peK
23 * 0.6 0.6 0.3 0.3 * 0.3
4.4 4.4 2.9 2.9 2.9
B — pe B — e Vb B — pe Vb
31 * 0.8 0.8 0.2 0.4 * 0.2
4.3 4.3 1.4 1.4 1.4
B — peH B — jeK B — peK B — pneH B — peK
32 #* 0.6 0.6 0.3 0.3 #* 0.3
5.8 5.8 2.2 2.2 2.2
p— 3e pn — 3e p — 3e p— 3e p — 3e
33 * 7.3 x 1073 1.6 X 1072 8 x 1073 8 x 1073 * 1.5 x 1072
7.7 7.7 3.9 3.9 3.9
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Sear ch for e+p-1X: hig

N mass limits

e — T ZEUS 94-97 F=0 e — T ZEUS 94-97 | F| =2
L R oL L R R L L R QR L L R L
of3 S1/2 81/2 Sl/2 Vo Vo 6 Vi o3 Sy Sa Sh o V1/2 V1/2 V1/2
etuqy et (u+ d)a eTd, etd, etd, eTu, et{/2u + d)a et i, et etd, et (a + 2d), etd, et(a+d), eti,
T — we T — e T — e Gpg T — We T — e Gp Gr T — TWe T — e Gpyp T — e T — e T — We
11 0.4 0.2 0.4 0.2 0.2 0.2 0.2 11 0.3 0.4 0.4 0.3 0.2 0.1 0.2
3.0 2.5 4.6 3.3 3.3 2.4 1.2 5.4 5.4 7.1 2.8 2.6 1.3 1.7
T — Ke K — mavir | 7 — Ke T— Ke K — mve K — muvp T — Ke K — wvp Ko mvr | 71— Ke
L2 5 1073 3 3 2.5 % 107 L2 1073 5 1073 5x 107* 3
3.1 Eod3) 4.7 3.7 3.7 T 1.3 14 14 9.3 4.6 5.5 4.5 8.2
B—7eX | B—7eX | B—-lwX | B—7reX B—wX Vb B— reX Vb B —71eX | B — 17X
13 & 3 8 2 4 R 2 L3 0.4 H ] 0.4 k| 4 &
5.1 5.1 4.6 4.6 4.6 * 12 Do e ot
K — mve T — Ke K — mvr K — wve 7 — Ke
T — Ke K — mve T — Ke T — Ke K — wve ’ _a ) —_—
21 L0 5 10 5 x 10 3
21 5 1072 3 3 2.5 x 107%
5.9 5.9 7.8 3.2 2.5 1.3 1.6
16 9.2 12 4.9 4.9 6.2 2.6
T — €eE T — €€E T — €e€ T — €€e€ T — €e€ T — €€€ T — €€€
T — e€eE T — eee T — eeg T — eee T — eee T — g€ T — eeg
22 20 20 66 55 33 15 10
22 20 30 66 33 33 10 6.1
19 19 13 6.2 6.5 o 9.7
20 11 12 6.2 6.2 11 4.3
B— X B—reX B —ilvX B—71eX | B — 1teX
B—meX B—71eX B—-WwX|B—reX B— X o o
23 " 8 8 2 4 " 2 23 N b * * *
16 16 12 12 12 - 17 8.1 = 1
B—lvX B—reX B —ilvX B —7eX | B —T1eX
B—717eX | B— 1meX Vo B —teX Vo
31 4 * g El 4 4 *
31 & 3 8 0.2 4 & 0.2
17 17 5.4 5.4 5.4 * 9.3 4.7 2.6 2.6
B—w1meX | B—7eX | B—-IWwX | B —7eX B—WwX B— X B— reX B —-ilvX B —7eX | B —T1eX
32 & 8 8 2 4 & 2 32 4 * ] 4 E El -
22 22 7.6 7.6 7.6 * 21 10.2 7.6 7.6
T — €€e€ T — €€€ T — €€E T — €€€ T — €€E€ T — €€ T —* €€€ T — €€€ T — €€
33 * 30 66 33 33 & 6.1 33 * * 66 55 33 15 &
30 30 15 15 15 30 16 15 15
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Summary and Outlook

e Searchesfor Single Top Production in the leptonic and hadronic
decay channel of the W performed by H1 and ZEUS.
e Excessof eventsat H1 in theleptonic channel, which are
compatible with singletop quark production:
H1. 5 eventsobserved, 1.8 exp. from BG
ZEUS. 0eventsobserved, 1.0 exp. from BG
* No excess in the hadronic channel for both experiments.

e H1 and ZEUS have searched for LFV interactions
In both, the p and 1 channdl.

* NoLFV eventsfound at HERA up to now.
* Limits competitive with low energy experiments, e.g. up to

M e 282 (1) and 301 GeV (u) for A=0.3, NWA.

e Waiting for datafrom HERA 11
* 10 times higher luminosity — up to 3 times higher

sensitivity to couplings for both searches
* improved detectors, in particular forward tracking
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