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HERA physics

    HERA: e±p collider, E
cm

~ 318 GeV

   

    

     ZEUS and H1: multipurpose 
experiments located in two of the 
interaction points.

 Data taking ended in June 07. 

 Collected luminosity :                  
~0.5 fb-1 per experiment

Rare (s ~ 1 fb) phenomena may 
become visible.
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Outline

� Events having two or more isolated electrons or muons with high 
transverse momentum have a clean experimental signature; they 
are ideal to look for beyond the Standard Model (SM) physics.

� The final results of the single H1 and ZEUS analyses will be shown.

� The combination of the data of the two experiments allows a more 
stringent test of the SM  in the interesting phase space regions: 
final results on a common phase space based on 0.94 fb-1 will be 
shown.

� Di-t production with decay into leptons is not vetoed in the analysis. Hadronic t 
production is removed by the cuts. Preliminary results on t production from 
ZEUS exist but are not shown here (focus on high-p

T
 multi-leptons).
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Multileptons at HERA

   In e±p interactions, production is dominated by the gg process:

     This is a QED process: the predictions from the Standard Model 
(SM)  are very precise.

    The SM cross section at high masses, high p
T
 is low: we can look for 

new phenomena.

    Background: NC DIS, QED Compton for events with electrons.
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Strategy of the analysis

� Events are selected by requiring the presence of at least two 
isolated high-p

T
 leptons (electrons or muons) in the final state.

� Depending on the number and the flavours of the leptons, the 
events are classified into mutually exclusive samples:

� ee sample: 2 electrons were found, and no other lepton;

� eee sample: 3 electrons are found, and no other lepton; does not 
contain the ee sample;

� em sample: 1 electron and 1 muon;

� and so on for emm, mm...
� Each sample is compared to the SM predictions, looking for 

possible deviations. The mass of the two highest p
T
 leptons, M

12
, 

and the Sp
T 

of all the leptons are considered. 
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XY View

Data selection
Electrons:

� Identified in 5�<q<175�, with E>5 GeV  for 

q>150�, 10 GeV  elsewhere
(H1: 5 GeV up to 20�). 

� Isolated (looking at tracks and calorimeter 
deposits).

Muons:

� Identified in 20�<q<160�, with p
T
>2 GeV. 

� Isolated from tracks.
At least 2 leptons have to be in  20�<q<150�, with p

T
>10, 5 GeV.

� Events are assigned to exclusive classes depending on the number and 
flavour of leptons.

� All possible topologies investigated.

20o
150o
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Observed topologies

    Data are overall well described by the SM including pair production 

and background. Let's look at the high-mass and high-Sp
T 

regions.
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        Masses for the different topologies

    Overall agreement 
with SM.

    High mass events 
observed in ee, eee, 

emm  topologies.
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Two H1 events

P e
T = 63 GeV

P µ
T = 61 GeV

P µ
T = 2.8 GeV

P =62 GeV

P =63 GeV
T

T

Event 2

    emm event: M=127 GeV, 
given by the electron and 
the highest-p

T
 muon.

    ee event: M=130 GeV.
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Σp
T
 for the different topologies

   Good agreement with 
the SM for all the 
topologies.

    2 events observed 

with high Sp
T
.
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Two ZEUS events                        

    Highest mass event 
containing only electrons 
(eee):

    M=113 GeV

  

  

    Highest mass event with 

muons (emm):

    M=77.5 GeV

pµ
T = 36 GeV

pµ
T = 34 GeV

pe
T = 34 GeV

pe
T = 6 GeV

pe
T = 14 GeV

pe
T = 32 GeV

eee

eμμ
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Combination of the topologies

   Good agreement 
between the data 

and the SM.

    Some events in the 
high mass and 

high Sp
T 

region.
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H1: 5 events at high Σp
T
, ZEUS has 2

            Let's combine the data...
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Combined analysis

� The ZEUS and H1 analyses are done in exactly the same way, 
apart from:

� H1 cuts at 5 GeV for the electron in the region 20 < ˚ q <150˚ the 
cut has been increased to 10 GeV for the combination with 
ZEUS.

� The measurements are dominated by the statistical error, the 
systematic uncertainty is uncorrelated between the two 
experiments (except for the theory error):

� we combine the results with the above assumption, taking the 
theory uncertainty to be fully correlated (the model is the 
same).
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Combined topologies table

                   Good agreement with the Standard Model.

               Let's look at the high-mass and high-Sp
T 

regions.
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 Combined mass distributions

  Good agreement with 
the SM, some events 

with high masses 
observed 
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Multi-Leptons at HERA
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Combined mass table

    All the high-mass 
events are seen in e+p 
collisions.

    3 events come from 
ZEUS, 9 from H1.
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�p
T
 distributions                           

    7 high-Sp
T
 events 

observed in e+p data

 [GeV]T PΣ
0 20 40 60 80 100 120 140 160 180

E
ve

nt
s

-210

-110

1

10

210

310

 [GeV]T PΣ
0 20 40 60 80 100 120 140 160 180

E
ve

nt
s

-210

-110

1

10

210

310
SM

SM Pair Prod.

)-1H1+ZEUS (0.56 fbp+e

Multi-Leptons at HERA
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Measurement of the cross sections

In order to select a sample enriched in photoproduction events, 
the cut E-p

z
 < 45 GeV was imposed.

In this way the sample is constituted by events in which two 
leptons of the same flavour are found in the final state.

Cross sections are evaluated for the gg ® l+l- process in the 
kinematic region:

leptons must be isolated  
(Dl1,l2 > 0.5 in the pseudorapidity-azimuth plane)

Q2 < 1 GeV2, y < 0.82 (photoproduction regime)

p
T

l1,l2 > 10,5 GeV

20˚ < q < 150˚
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Combined cross sections

    Differential cross sections measured as a function of the mass of 
the dilepton system and of the p

T
 of the highest-p

T
 lepton.
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Conclusions

� Multilepton production has been studied at HERA, looking for 

possible deviations from the SM in the high mass and high-Sp
T
 

regions.

� All the event topologies containing electrons and/or muons have 
been investigated. An overall good agreement with the SM has 
been found.

� The results of the H1 and ZEUS experiments have been combined 

to reach best sensitivity: some events with high-Sp
T
 and high 

masses have been observed, for both experiments only in e+p 
collisions.

� Cross sections for the process gg ® l+l- have been measured using 
the full available HERA statistics.
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Backup
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                                                       Di-τ

Analysis performed on the
HERA II (2004-2007) data.
Topologies with jets and 
electrons investigated.

 (GeV)visible
ττM

0 10 20 30 40 50 60

E
ve

nt
s

0
2
4
6
8

10
12
14
16
18

 (GeV)visible
ττM

0 10 20 30 40 50 60

E
ve

nt
s

0
2
4
6
8

10
12
14
16
18

 (GeV)ττ
T

pΣ
0 10 20 30 40 50 60

E
ve

nt
s

0
2
4
6
8

10
12
14
16
18
20

 (GeV)ττ
T

pΣ
0 10 20 30 40 50 60

E
ve

nt
s

0
2
4
6
8

10
12
14
16
18
20 -1 ZEUS (prel.) 0.36 fb

 All MC

 (GRAPE)-τ+τ → γγ 

ZEUS



DIS 2010 24Andrea Parenti

Masses for the different topologies
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