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Hera : Hadron Electron Ring Accelerator
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1. Electron or positron on proton collisions at Vs=315 GeV

2. Two collider experiments: H1 and ZEUS , and a fixed target
experiment: HERMES

3. Total Luminosity analized so far 280 pb-! per experiment.
Data taking until mid 2007

14 January 2006 S.X.Hansen single top production at HERA 2



H1 | ZEUS

- -—

|

Elements relevant to the results presented:

ZEUS Calorimeter

Resolution in energy

for particle e 0.18/VE(GeV)
hadr. 0.35/VE(GeV)

Precise measurement of hadronic

final state

H1 Calorimeter

Resolution in energy

for particle e 0.12/VE(GeV)
hadr. 0.50/VE(GeV)

Precise measurement of scattered e

Muon detectors located in the outermost part of the detector
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Single top production at HERA

In Standard Model
. - Otop = 1fb

+  Expect 0.1 eventin
s 100 pb-! of data
= Single top in SM
negligible

Observation of top production at HERA
. i
Beyond the Standard Model would be clear signal of new physics!

Flavour Changing Neutral Current (FCNC)
with anomalous k;,, coupling at HERA
could have sizeable cross section

e predicted in various models (e.g. SUSY)
e considered also at LEP and TEVATRON
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Top decay signatures

t—b W
— [v or ¢g¢q’
Leptonic top decay Hadronic top decay
Isol. Lepton N ino
A v
M

. %
P

et x
X : total hadronic final state, excluding W decay products

Scaitered e mostly escapes detection
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Standard Model Backgrounds

W production
° . e - e’
Leptonic top decay : .. /" . -~
LyZ Ly 2 .
l?_-" _Jr""'ql J_'}‘—.v -"'-fl q
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<
(a) (b)
NC DIS _ CC DIS ~ Dilepton production

e

() VK"

p (p") X p (p“) X

Genuine electron and fake misidentified lepton and Genuine ;. and fake P}
P due to mismeasurement genuine " due to mismeasurement

Hadronic top decay : main background is QCD jets in yP events
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Search for single top production
Hadronic decay t—=bW —bqq’

1. large total E;

2. at least 3 jets with high p;
3. M;; within 2 o from M,,

Leptonic decay t—bW —b |l v

1. large missing P; + isolated lepton
2. nevtrino reconstructed (M |, constrained to M) *
3.charge lepton >0 * * Only H1

Both decay channels
4. Final selection based on top mass and top decay properties

The single top search in the leptonic decay channel starts from
the search for isolated leptons in events with large missing p;
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Isolated lepton search resulis
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Search for isolated, high P;leptons in events with
large missing transverse momentum

| Hl ZEUS
~ Lepton within detector acceptance | 5° < 0 < 140° 0 < 115°
'High Transverse Momentum of Lepton| py > 10 Gﬂ‘f" pl. > 5 GeV
Lepton Isolation Ditage > 0.5 D, > 0.5
Dy = 1.0 D. >1

jet

| Large Missing Transverse Momentum :P]E‘i'““' = 12GeV

:}{J l)missT >20
. € Qg = 2007
Acoplanarity S i B,00,>8°
[ Qacop = 10 P
>1 jet, py> SGeV

H1  Phys. Lett. B 561 (2003) 241
ZEUS Phys. Lett. B 559 (2003) 153
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HERAT1 results on isolated leptons from H1 (118.3 pb-1)

Electron and muon combined Phys. Lett. B 561 (2003) 241
H1 94-00 e*p Nogs Nom
118.3 pb-! (signal contribution)
Full sample 18 12.39 £ 1.67 (75%)
PX > 25 10 2.92 *0.49 (87%)

e-p : 1 event observed, 2.06 +0.28 expected

Excess of observed events at high PX (> 25 GeV)

H1 94-00 e+p Measured SM NLO exp.
118.3 pb-1 cross section (pb) cross section (pb)
Full sample 0.31+x0.10+0.04 0. 237+ 0.029

PX> 25 GeV 0.164 + 0.054 * 0.023 0.043 + 0.007
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New HERA2 resulis from .

{S1gnal contnbution)

{Signal contribution)

DESY-05-xxx
Electron Muon Combined
H1 Preliminary obs./exp. obs./exp. obs./exp.

{31gnal contribution)

1994-2004 ™ p Full Sample 19/14.6 =20(70%) | 9/39=06(84%) |28/185x=2.6(73%)
158 pb~! P =25GeV | 9/23+£04(80%) (/2304 (84%) 15/4.6 =0.8 (82%)

1998-2005 e p Full Sample 11/126 = 18(66%) | 1/3305(79%) |12/158 =2.2(68%)
121 pb—! P =25GeV | 2/24£05(62%) 0/2.0=x03(76%) 2/440.7(68%)

1994-2005 " p Full Sample 30/27238(68%) | 10/72 1.1 (B1%) (407343 =48(71%)
279 pb—! P =>25GeV | 11/47209(69%) | 6/43 0.7 (78%) 17/90 = 1.5 (73%)

e Comparable luminosity for e-p and e+p data

*Excess at high p;X confirmed, significant only in e*p data
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HERA1 and HERA2 combined resulis from

DESY-05-xxx
e+p e-p
l+PMss events at HERA 1994-2004 (e"p, 158 pb™) 1+P"*° events at HERA 1998-2005 (e p, 121 pb™)
-ﬂ 102 = . _ 10° = . -
C = @ H1Data (prelim.) Np,,=28 - @ H1 Data (prelim.) Np,,=12
Q© [ = AISM Ng, =18.5 = 2.6| - == AlISM N, =15.8+2.2
= [ [ signal - [ Signal
Iu i L
: | _f_ — +
- | IS | L
1E ‘ ‘ 7
10‘1||||||||||||||||1 <l d oy g ] g | — 10-1IIII|IIII|IIIIII1II|I1[JIJIII[IIII
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PX(GeV) eandpchannels Pr(GeV) eandy channels
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Isolated high p; eleciron candidate event

Well isolated electron
Hadronic activity not back-to-back to electron
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HERAT1 results on isolated leptons from ZEUS (130 pb-')
Phys.Lett. B559 (2003) 153

Electron and muon combined

130.1 pb-! (signal contribution)
Full sample 36 32.5 222 , (17%)

*No excess observed in ZEUS experiment at P;* > 25 GeV
e Analysis has worse signal over background ratio than H1
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New HERA2 results ZEUS

J.Ferrando, EPS05

[solated e candidates 12 < P < 25 GeV P = 25 GeV
ZEUS (prel.) 99-00 etp (66 pb~ ') | 1/1.04 £0.11(37%) | 1/0.92 £ 0.09(79%)
ZEUS (prel.) 03-04 e*p (40 pb™ ') | 0/046 £0.10(64%) | 005805 (T6%%)

AR
H1 1994-2000 e*p (104.7 pb~ ') 1/1.96 + 0.27(74%) | 4/1.48 £ 0.25(86%)
H1 (prel.) 1994-2005 e*p (192 pb~) . 11/2.9 4 0.6(81%)
* Attempt to have ZEUS and H1 analyses leading to more
similar background . ZEUS
expectations started Lepton within detector acceptance 0 <115

High Transverse Momentum of Lepton | p7 > 10 GeV
| Dtra,z:k > 0.5

« More data observed by H1 Lepton Isolation implicit
than ZEUS in the Large Missing Transverse Momentum | PP > 12 GeV
high pXregion Acoplanarity € Pacop > 17
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Search for single top :
full selection and results
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HERA1 Single top candidates in the leptonic channel
before applying final selection based on top mass and decay properties

2 240 ® HiData > 549 Ly = 50 X Lyata
. WMC % -
& o " 2
— 220 : ) » - Top MC — 220
< SO < .
= 200 = 200
180 s 180 o 4
IR Xy i
‘ e =+ =
SR A o °
140 R i 140
o % R 120 b
&g T o ot
w0 C e 100
80 e a) 80 b)
0 50 100 150 0 50 100 150
M} (GeV) M} (GeV)

*The data points are the isolated lepton candidates just discussed
 Charge reported only for leptons with well defined charge
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Single top final selection

Top rest frame W rest frame

Final step of the selection uses the observables
Top mass M,
W decay angle 6 !9, *

to perform search either using cuts or with a multivariate method
* Only H1
18
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Cut based analysis (H1, ZEUS slightly harsher)

Leptonic Hadronic
b %*
150 < Mjets< 210 GeV
*
M lv-b > 140 GeV Cos 0 qW > -0.75 *

Likelihood analysis (only H1) Only R

In both leptonic and hadronic channel, infroduce a discriminator D

P P=PP",M,0"1,)
D= signal .

P ot E background P=C(V)[] p, C€(V): Correct for correlations
using PTC-method (OPAL)

D : probability for event to be more W like (D—0) or top like (D —1)
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HERA1 single top search (118.3 pb-1)

CUT ANALYSIS LIKELIHOOD ANALYSIS

Cut-based analysis D =D Dyin | Efficiency
Data SM Data SM
Electron Channel | 3 | 065=010| 3 |[067x0.13| 0.72 36%

Muon Channel 2 1066012 2 |0.62£0.12 | 0.40 38%
Hadronic Channel | 18 | 202+36 | 20 | 17.5=3.2 | 0.58 30%

In leptonic channel
5 events observed vs 1.29 £ 0.25 expected.
Slight excess of data originating from isolated lepton search
candidates passing single top selection

In hadronic channel

Number of events compatible with SM expectation



H1 results using multivariate analysis

ELECTRON CHANNEL

®* H1 Data

MUON CHANNEL

®* H1 Data
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Single top production cross section

Eur.Phys.J.C33(2004) 9
Using the likehood analysis results one can measure

o(ep —etX) =0.29 *015 .. pb at V319 GeV

with
o(ep —etX) =0.41 *02% .. pb for leptonic channel Compatible
o(ep —etX) = 0.04 *027 . pb for hadronic channel within 1.1 ¢

Considering excess of data wrt SM expectation as a background
fluctuation, one can produce limit on ¢ and k , (assuming k;; =0)

H1 94-00 o * Br(t —Wb) K uty
118.3 pb-1 At\s =319 GeV
Leptonic channel <0.90 pb <0.35
Hadronic channel <0.48 pb <0.25
Combined <0.55 pb <0.27
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HERAT1 single top search (130.1 pb-1)

Final results

Phys.Lett. B559 (2003) 153

CUT BASED ANALYSIS

ZEUS

130.1 pb-1 obs expected (%)
Leptonic channel 0 1.89 *024 . 7
Hadronic channel 14 17.6 %25 ¢ 16.5
ZEUS 94-00 o * Br(t =Wb) K iy
130.1 pb-1 At s =300/ 318 GeV
Leptonic channel <0.906 / 0.514 pb <0.223
Hadronic channel <0.998 / 0.426 pb < 0.241
Combined <0.225 pb at 318 GeV <0.174

* Number of observed events is compatible with SM background

* Limit more stringent than H1 on ¢ and k ;, (assume k ;; =0)
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Utuz

HERAT1 limits on uty and utZ FCNC coupling

L | | Il L | | | L | L I | L I | I I
- Kiluy I— 1z exclusion region  ZEUS 94-00 7
1 - —
:\ > M,,,=170 GeV |
0 3_\¢+ M =175 GeY ] Plot of ZEUS
i —> M,,,=180 GeV _
- \ ] Updated resuilts,
1.16_— —> Excluded by CDF, M, =175 GeV ] including
I 1 da hon zero
ol e =l 7 utZ coupling
__H-_h-\""‘-. _
i N -
B —> Excluded by L3, M =175GeV -
0.2— —]
i >Excluded by H1, M,,=175GeV |
'}_ ] | ] I | ] h ] ] ] | | ] | | | ] | | | | _I
0 0.2 0.4 0.6 0.8 1
Ketuy

14 January 2006 S.X.Hansen single top production at HERA 24



1. Collect more data (HERA will run until mid 2007)

2. Compare carefully ZEUS and H1 analyses , helpful to
investigate nature of excess observed in H1

3. W—1v channel:
ZEUS has already published results for HERAT1,
2 events observed and 0.2 * 0.05 expected from
SM processes.
H1 has preliminary result for HERA1, no excess observed.

4. Both experiments should review their single top searches
on their full data sets
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Summary

The HERA experiments are able to put strong limits on the
anomalous FCNC coupling constants for single top
production processes

An interesting excess in the rate of events with an isolated
high p; e or u and large missing momentum is observed

by the H1 experiment, and is currently not confirmed by
the ZEUS experiment

Hopefully the additional data collected up to mid 2007
will allow us to understand the importance of such
observation
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