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DUl roughly 0.5 fb-1 per event
combined data set roughly 1 fb-1
roughly 2/3 e+, a little more than 1/3 e-

heral mainly e+
DESY USER, 7/19/2007



HERAI: ZEUS in agreement with
H1 observed 11 events at P*>25 GeV SM expectation
at SM expectation 3.5£0.6

Both experiments performed search in complete HERA data set
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Standardmodel prediction

Real W production in photoproduction et et

with W decay into leptons Selection cuts
main process for this event topology For wonlv:
Hadronic system with typically low p* Jet, PTX pTx;;zc;g\'/

Neutrino, P,™  >12Gev

!
\“ W
P

|+

Oy ~ 1.3 pb™
W decay branching ratio into e or u ~20%

Other signal processes:
CC W production ~7%
Cabbibo-Parisi Z0 production ~3% (only e channel)

Isol. Lepton, P,!  >10Gev

Modelled using EPVEC generator with NLO QCD correction:
Modifies cross section by ~10%, reduces theoretical uncertainty to ~15%
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DU3 photoproduction therefore scattered e undetected
independent on incoming electron charge (e+ and e-)

CC W production similar feynman graph only changes: outgoing is nu instead of e, exchanged boson is W instead of gamma
DESY USER, 7/20/2007



DU14

Background processes

e: Neutral Current

Real electron and
fake P;™ss from
mismeasurement

e,u: Charged Current

Misidentified e or u
and real P,miss

u: Lepton Pair Production

e

Real u and fake P,™miss
from mismeasurement
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DU14 NC: fake ptmiss due to fluctuations in detector response or lost particles due to limited acceptance
CC: misidentify e or mu from hadronic state or radiated photon

LP in photoproduction: second mu undetected fakes ptmiss
DESY USER, 7/20/2007



H1 isolated leptons

1+PsS events at HERA 1+l (e"p, 294 pb™)
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Agreement with SM

H1 HERA I+II
P > 25 GeV

e channel

obs. [ exp. (signal)

channel

i
e

obs. [ exp. (signal)

e and u channels
L]

obs. [ exp. (signal)

e*p data (294 pb)

11 /4.7 £ 0.9 (75%)

10/ 4.2 £ 0.7 (85%)

21 /8.9 + 1.5 (80%)

e p data (184 pb1)

3 /3.8 0.6 (61%)

0/3.1 +0.5 (74%)

3/6.9+ 1.0 (67%)




ZEUS isolated leptons

15° <@, <120°
e, Ll + Pfr"i“ events at ZEUS (e*p 286 pb™) e, i + PT'° events at ZEUS (e'p 206 pb™)

10?
10 iiIZEUS (prel.) g e ZEUS (prel.)
SM MC o
B W Prod. MC Iﬂ 0 E%Mpl:gg MC

10!

2
10-20 10 20 30 40 50 60 70 80 90 100 10 0 10 20 30 40 50 60 70 80 90 100

PX (GeV) PT (GeV)
41 events observed in 492 pb-1 of data

HERA 1+lI e channel u channel
Ptx>25GeV Obs/exp(signal) Obs/expt.(signal)
e* data 3/3.9 £0.5(81%) 3/3.6£0.5(81%)
edata 3/3.2+0.6(69%) 2/2.41£0.4(85%)

Good agreement between data and Standard Model for both data sets
No Excess seen at high P-* as seen by H1
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DuU18 e+p data from 1996-2007

H1 acceptance bigger but almost all events from excess are also in the ZEUS acceptance
DESY USER, 7/21/2007



H1 and Zeus combined

15<6,<120°

e+ pj‘“ events at HERA I+l (e"p, 0.39 fb™?)

e, i+ P events at HERA I+ e*p, 0.58 tb?)

e+ P_'r"i:m events at HERA I+l (eip, 0.97 fb")

HERA Exotics Working Group

(%) F ) 2} N ) 0 [
= [ @ H1+ZEUS Data (prelim.) _ c [ ® HI1+ZEUS Data (prelim.) - = L @ H1+ZEUS Data (prelim))
§102 _—All SM NDa(a__ 30 . Q>)102 __A” SM ’:lData_ 55371+ 6 4 E - B A SM Nnm = 87
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87/92.7+-11.2 events with isolated leptons and P ™Miss 6’b§erved in 0.97fb""

H1+ZEUS HERA I+l
P.X > 25 GeV

e channel
obs. / exp. (signal)

u channel
obs. / exp. (signal)

e and p channels
obs. / exp. (signal)

e*p data (0.58 fb1)

12 /7.4 £ 1.0 (70%)

11/7.2 + 1.0 (85%)

23/14.6 1.9 (81%)

ep data (0.39 fb1)

416.0 £0.8 (67%)

2/4.8+0.7 (87%)

6/10.6 + 1.4 (76%)

e+ + e- data (0.97 fb-1)

4/6.0 + 0.8 (67%)

2/4.8 + 0.7 (87%)

29/25.3 + 3.2 (79%)

Excess in e* data has significance of 1.8 ¢ based on data of both experiments

(2.90 H1 data only)




Cross section measurements

H1 data only
N, — ‘_h‘.rl_,‘:.‘(’ VMO
OlsoLep = e - €= Y
OjsoLep(PD) Measuredztstattsys | SMtthesys
j 0.24+0.05+0.05 0.26+0.04

branching ratio W->e,u ~21%
subtract Z° processes

ow(pb) Measuredtstattsys | SMzthesys

j 1.23+0.25+0.22 1.31+£0.20

Both measured cross sections are in good agreement with the SM




Measurement of
W polarisation fraction

F,=1-F-F,
right left longitudinal polarisation fraction
dN 3 2
-F -F)--(1 6
il (1 o) 8[ + cos 0%)

+ Fy- % (1 — cosﬁﬂ*)

+ F. -%[1—0039"}2.

Fit H1 measured cross section to dN/dcos6*
and extract F, and F_ simultanously

do/d(qcost*) /pb

Lepton momentum 4
wn Woresl Crame

] \ W'

S

-
W momentum
in lab fronme

W Polarisations at HERA

H1 pretiminary

® HERA I+Il Data
— Fit
=== SM




W polarisation fraction

W Polarisations at HERA

b _\\ H1 Preliminary
\\ o LerA 1ol Daa Good agreement with the SM found compatible with
N vsMm Single top production within 1c
B ‘,. \\\ m Single Top
0.5 \\\
| 1o .
- \_\
\\
i o
- \\
O — 05 B
Fﬂ

Single parameter fit (other parameter at SM value)

HERA I+1l data

SM

0.58 +0.15(stat) £0.12(sys)

0.61 +0.01(stat)

0.15 £0.21(stat) £0.09(sys)

0.19 +0.01(stat)




Anomalous single top production

SM single top production 6<1fb-1 >~ 7

Top production via flavor changing NC in BSM
Candidate process for excess
But: same rate for e*and e-

~/Z° Isolated lepton

I

L\; PTmiss
Search for FCNC based on isolated lepton events of HERAI+II
additional good top quark reconstruction and positive lepton [ «_ : Anemalous y magn=tic coupling ‘

uy

charge requirement (if possible) Yz - Anomalous 7 vector coupling
ELECTRON CHANNEL MUON CHANNEL

24 events selected, DUS £ £ a5k *

26 events SM prediction & 3 4

= H1 Data
= aism

~(prel

_r:n‘na

No significant signal found
using multi variant analysis

.....
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DU8 previous (heral) analysis also considered hadronic W decays
DESY USER, 7/21/2007



Single top results

Limits on FCNC cross section derived

- H1 Preliminary (HERA I+1l)
using maximum likelihood: = s Excluded
1 .__'_'““““x\\
o(ep->etX) < 0.16 (95% CL) [ \
L — Excl. by ZEUS
HERA 1 results: i ——» Excl. by CDF
H1: o(ep->etx) < 0.55 pb
Zeus: o(ep->etX)<0.23 pb i \—' el L
1{]-1 = Ky = ¥,z f[]'
Upper bound on the anomalous coupling: i bl Ean
Koy < 0.14 L o
10’ 1 [k,

New limit extends into region of phase space
uncovered by other colliders




H1
. _ Look for events with P,Miss
=__ L J and a narrow hadronic jet
I g - : in complete HERA data set

Priss = 59 GeV  Pf =14 GeV  PX =51 GeV

*45% of T decay into 1 charged particle (“1-prong-decay”) giving a

narrow, pencil like jet

» main (and large!) background CC events with narrow jets

« complementary results to those in electron and muon channel

* enhanced t production above SM predicted by some R, violating SUSY models
« HERA | data ZEUS observed 3 events over SM expectation 0.4+£0.12,

2 events at PX>25GeV, SM expectation 0.2+0.05



T+ P events at HERA | + 1l (', 184 pb™?)
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10

H1 e*p data
HERA I+II (471 pb)

t channel
obs. / exp. (signal)

Full sample

20/ 19.5 £ 3.2 (14%)

P X > 25 GeV

1/0.99 = 0.13 (629%)

20 events observed

Good agreement with the SM prediction for e* and e-data set

Only 1 event at high PX —in the e-p data!

Dominated by background processes — only 14% signal (other channels up to 85%)
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Multi-Leptons

Search for topologies with
2 or 3 high p; leptons

p:">10GeV, p2>5GeV, 20°<6<160°
Third lepton:
E.>5GeV or p;#>2GeV, 5<6<175

ZEUS: ee, eee
H1: ee, ey, uu, eee, eup




Slide 16

DU9 QED processes well understood - deviations at high mass directly sign of new physics

background processes:
NC DIS where part of the hadronic is misidentified as electron
QED Compton with gamma misidentified as e

DESY USER, 7/22/2007



DU17/

QED processes with
multi-lepton final state

vy process dominant CC W production (7%) Cabbibo-Parisi Z0 production
~3%, only in electron channel
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DU17 QED processes well understood - deviations at high mass directly sign of new physics

background processes:
NC DIS where part of the hadronic is misidentified as electron
QED Compton with gamma misidentified as e

DESY USER, 7/22/2007



2 lepton results

H1 Multi-lepton analysis HERA I-+II (459 pb~!

ce
446 evts

80

M. [GeV]

010
S CH
Li 102 201 evts

10

1
10"
1075

M, [GeV]

o ZEUS
g M ﬂ F "o ZEUS(lp‘reI.) ]
01 10° 185 evts 81 __ &b ]
> 1 Pair E
10 L r "ngoglédion ]
10¢ CINC 3
1 f ee
1 =
10*

b 10 3

0 20 40 60 80 100 120 140 160 180
M, . [GeV] i

2 I
100 50 100 150 200
M,(GeV)

® H1 Data (prelim.)
DIS+Compton
Pair Production

Overall good agreement with SM

H1: 3 ee events observed at M>100GeV
(all hera1 e*p data)

ZEUS: 2 ee event observed at M>100GeV
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H1 3 lepton results

H1 Multi-lepton analysis HERA I4+11 (459 pb~

Events

102

eee

CHH Overall good agreement
81 events

102 events with SM

Events

Data slightly exceed SM
prediction at high mass

M,, [GeV]

Events
3

3 eee events
Observed in hera 1 e*p

CLLp
102 events

H1 Data (prelim.)
DIS+Compton
Pair Production

H
H
i
H
i

e tete oottt ettt tetets

» 2 eyl events observed in
Hera 2e'p

0 60 80 100 120 140 160 180
M, [GeV]




Zeus 3 lepton results

ZEUS

ﬂ - e ZEUS(prel.) :
8 R 478 pb*
> 1nl = Pl

L Pair _
LL] 10§ ' production 3

? @ QEDC
................. Y 3 ovorts s i e

150 200
M 1,(GeV)

p) i |
10 50 100



Results on 2+3 leptons

H1 Multi-lepton analysis HERA I+II (459 pb™

2 i ep (286 pb~! 2 5 e p (173 pb~!
o o ; :
o 243 leptons o ’ 243 leptons 4 events Wlth hlgh ZPT
2 1 .
10 3 ee events with M>100 GeV
10§ 10 1 epp event with M,,>100GeV
1 BRI §XXX§§§XX;§;§§§§§X” § S M eXpeCtatI O n 1 " 9i0 . 4
.
10 OX 40 60 SXC; 100 120 x1X40x 1x60 180 10-20 - 2 40 60 80 100 1‘20 140 160 180
T P, [GeV] 2 P [GeV]
I

o ZEUS(prel) 73 e ZEUS(prel.)
etp:272pbt ] ep:206pbt 7
— oM b — SM
[ Pair [ Pair E
production 1 production 1
*QEDC QEDC 1

-» 3 events with high 2P+
SM expectation 1.58%016 , ,

2 |
10 50 100 150 200 200
3P |(GeV) 3P, |(GeV)



DU10

T search

H1 HERA data

e+
H++/H-- exists in some left-right symmetric
|+ extensions to SM and SUSY models
p P
Search for resonances in mass Events SM
spectra of multi lepton sample M,>65GeV
ee 3 2.45+0.11

Additional charge and P+ cut for e 1 41740 44

ee, ey channel, P;™ss cut for t

et 1 2.1+0.5
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DU10 feynman graph is example
- 2 more graphs with H++ production
- charge conjugate also exist
- lepton can be e, mu, tau
- production might be lepton helicity dependent but here not examined because it's heral sample
- elastic and inelastic p scattering possible
- signature: 2 same charged leptons with charge of incoming lepton , 1 opposite charge lepton,
pt of H decay leptons higher than I-
- experimental selection: as multilepton analysis
2 highest pt leptons are assigned to H
if there charge is measureable must be same as the charge of the incoming lepton
- background misid jets as lepton in nc dis, converted photon of compton events
- candidate for explanation of multi-lepton events
- check mass spectrum 2 highest pt leptons

- Mee dependent pt cut?
DESY USER, 7/18/2007



Limit on H** cross section

o) H1.
2
x
(af]
X
© - \/L
Hifs 06t —
1
10 - 7
| | Hiﬁiﬁ@%ui | -
80 100 120 140
M, (GeV)

Best sensitivity for H**->eu: 6., .., <0.05pb
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Limits on H* mass

-

1 | ’ | | I I
% e |
E:f 3 w H1 58 | ((‘} E- E (d: \ J
= | s - ' ‘é |
| Excluded by 2 - eey |
LEP E ‘:.1:‘ |
. ) |
& via Bhabha Scattering, I Exrlﬂ.Eu:t-dby Excluded e /
T OPAL” :
-1 X
N _ //
[ BR(Hﬂ_> eiet)=100% )
i -
v 10 BR{H"— " 100% | 10 Al BRIH" =004 |
80 1'0 120 140 160 [ : . HA "
M, (GeV) 80 100 120 140 80 100 120 140
MH (GeV) MH Gev)

H1 sets most stringent limits on M, for H** coupling to ey and et
at coupling of electromagnetic strength:

he,=0.3 M >141 GeV
h..=0.3 M,;>112 GeV
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DUl1l1 set limits for the case that the H++ only couples to the channel under investigation i.e. only to ee or
only to em or only to et

there are also limits of opal on hee independent of decay mode which can explain why H1 doesn't see anything in the mm and tt channel
DESY USER, 7/18/2007



Leptoquarks at HERA

Leptoquarks: color triplet boson with leptonic and baryonic quantum number:
Fermion number: F=L+3B  F=2 (ep) F=0 (se*p)

Buchmuller-Ruckl-Wyler (BRW) model: LQ classified into 14 types (7 vector, 7 scalar)
depending on spin, isospin, chirality

LQ at HERA: single production from incoming particles

e ¢ © 4

i.j— quark
generation indices

“ s-channel *“ % u-channel %
(resonant production) (LQ exchange)
M = (sx)¥? M > s'
M, o<= 300 GeV MLQ >300 GeV Contact interaction region

LQ decay lepton flavor conserving (LFC): LQ->eq, vq
or lepton flavor violating (LFV): LQ->uq, 1tq



Events / 20 GeV

Events / 20 GeV

Limits on 15t generation M, 4

10*
: ep, 30 pb’
10°F
10°F
10 NC, P=+34%
F -e-H1 data (prelim.)
1 L —SM )
§ SM uncertainty
50 100 150 200 250 300
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10°F
2l
10% ep, 60

10F
CC, P=-27% 4
—-o- H1 data (prelim.)

1 —swm
- SM uncertainty
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No enhancement

pb-!

No evidence for LQ signal
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Heavy Leptoquarks

* Possible new interaction between
e and g can modify DIS cross section
at high Q? via virtual effects

« Search for virtual LQ exchange
using 4 fermion eeqq contact
interaction method

->report by P.Schleper in Alternatives

CTEQED

N/

=

CTEQSD

N/

ZEUS

Limits on He

avy Leptoquarks (prel.)
1 1 1 1 1 1 1 I

'@ ZEUS 94-04e'p
— sY, M/.=0.88 TeV
--— Vi, M/3.=0.46 TeV

L1ty aaal

4
10 Q? (GeVd

0. U

10

Limits on He

10

avy Leptoquarks (prel.) l

L—— T T T T
® ZEUS 98-05 (prel)ep

——— VL M2=1.91 TeV .

..... st M/72=0.74 TeV ]

3
10

Lower limits on M, o/A derived for all LQ
M o>>300 excluded for all LQ for A ~ 1

4



Comparison with LEP and Tevatron

% |EP: contact interaction (indirect constraints from ee* — qq)

@ TEVATRON: pair production (% independent)
» HERA! single production (M, , < 300 GeV) and contact interaction (MLQ > 300 GeV)

<
e LEP o

HERA af E
10 _ E
H1 (05) prelim. single LQ 3
p —— H1(94-00)single LQ
§ DO pair prod. ]
TEVATRON 2NN . I -
10 L3 indir. limit E
R \\\\\,\\§§§ PR I T T W SR N S S .

200 250 300 350 400
M. o/ GeV

~ factor 2 more lumi to be added using full HERA |l data



Limits on LFV Leptoquarks

Signature ep->uX

-7 - Low background, good sensitivity
\ |
el Typical selection:
T Back-to-back topology,
(© %.;3 PTcan>ZOGeV

X H1
A =h _orh_=h_ < LQ =g
Assume:

No evidence for

Signal found 107 |
------ ep—uX only = ep—uX only
— ep—uX and ep—eX vk ) — ep—uX and ep—e AR
00 150 200 250 300 100 150 200 250 300
m, , (GeV) m, , (GeV)

Exclude M, ,>300 GeV for A~0.3




Summary

Results for isolated leptons with p™ss shown for complete hera
data sample and for the first time W|th h1+zeus combination ~1fb-":

— In e+p data: H1 observed 21 events where 8.9 were expected in
complete data and even stronger signal in e+p data

— ZEUS observed 6 events where 7.4 expected

All HERA data analysed by H1 and ZEUS multi-lepton events
— At high P H1 observes 4 events, expectation is 1.9+0.4
ZEUS observes 3 events, expectation is 1.58+0-12
— Combined results expected soon

Limits for LQ updated — improvement with full hera data sample to
come



extras



ated lepton event selecti

Variable Electron Muon
B, e <@, <140° (H1), 15° <8, <120°(ZEUS)
P! = 10 GeV
P_cdle =12 GeV
P miss =12 GeV
PX =12 GeV
DJ.E: 1.0
- =0.5for 6, = 45° >0.5
o > 5000 GeV? for P < 25 -
GeV
V'V <05(<015for P2 <25 <05(<015for P < 25
GeV) GeV)
Aty < 1600 <1709
B e =5 GeV* -
# 1solated n 0 1

Analysis phase
space selection.
H1: extended polar
angle range

}~ Isolation of lepton

f

® H1: only if one e candidate is detected, with the same charge as the beam lepton

Cuts designed to
reduce SM
background,
whilst preserving
large signal purity



Multi-lepton event yields at
M,>100GeV

H1 preliminary HERA [+l

| Selection | Data | SM | Pair Production | NC-DIS + Compton |
e p collisions (286 ph=")
e+p ee Mo =100 GeV 3 1.0 = 0.2 0.6+ 0.2 0.4+ 0.1
M, =100 GeV [0 | D06 =003 | 0.06 + 0.03 -
e M., =100 GeV 1 0.53 = 0.03 0.33 £0.05
eee Mo =100 GeV 3 06 =11 0.6 £0.1
eppe M, =100 GeV I T =100 0.04 £ 0.02 —
epp M, =100GeV | 1| 0.007 = 0.005 | 0.007 + 0.005 —
e peollisions (173 pb 1)
ep | * My, =100 GeV i} .55 + 0.1 0.3 4+ 0.1 0.25 4 0.07
pepn My, =100 GeV 0 0.03 = 0.02 0.05 £ 0.02 —
ep M., =100 GeV 0 0.3 £0.05 0.3 0,05 —
eee Vs =100 GeV 0 0.32 = 0.06 0.32 + 0.06 —
e M., =100 GeV ] 0.04 = 0.01 0.04 £ 0.01 —_
eppe M, =100GeV | 0 ] 0.006 = 0.004 | 0.006 & 0.004

ZEUS preliminary HERA |+l

Type DATA  SM Pair producton ~ QEDC NC

e'p 2% 1 09401 0.5£0.1 0401  007+003
3e 2 06-0.07+05 06007 <0.0f <05
28 1 08x0.1 0.4£0.04 0.39£05  0.04x0.01
38 0 04-01405  1.0+041 <0.01 05

ep




2 lepton mass spectra, H** search
(backup)

H1 HERA | data, H** preselection

35 evts

Events

125 evts

_I 11 I 11l I 11 I 111 I 11l I 111 I 11l 1 A I Tt
0 20 40 60 80 100 120 140 160 180
Meu (GeV)

| | 6 evts

100126 140 160 180
jb M. (GeV)
6 evts obs.

0.53+0.06 expt.

0 20 40 60 80

: : 20406050 100120 140 160 180
1 event after final selection M, . (GeV)
(charge+ P cuts)




Leptoquark search all mass spectra
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** production
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DU16 feynman graph is example
- 2 more graphs with H++ production
- charge conjugate also exist
- lepton can be e, mu, tau
- production might be lepton helicity dependent but here not examined because it's heral sample
- elastic and inelastic p scattering possible
- signature: 2 same charged leptons with charge of incoming lepton , 1 opposite charge lepton,
pt of H decay leptons higher than I-
- experimental selection: as multilepton analysis
2 highest pt leptons are assigned to H
if there charge is measureable must be same as the charge of the incoming lepton
- background misid jets as lepton in nc dis, converted photon of compton events
- candidate for explanation of multi-lepton events
- check mass spectrum 2 highest pt leptons

- Mee dependent pt cut?
DESY USER, 7/18/2007



CC and NC cross section
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