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The HERA  Col l ider

820, 920 GeV
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√s=318 GeV

√s=300 GeV

• HERA  I Data sam ple:
– e+ p  @ √s= 300  GeV : 40  pb - 1

– e+ p  @ √s= 318  GeV : 66  pb - 1

– e- p  @ √s= 318  GeV : 16  pb - 1

• Tw o col l iding exper im en ts:     
ZEUS, H1

• HERA  II data tak ing on - going

 Q 2 =  - q 2  
v i r tual i t y  of
exch an ged
boson
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Beyond SM sear ches a t  HERA  I
Sear ches for  new  Resonances 

or  Con tact - In ter act ions

• Leptoqu ar k
• Lepton  Flavou r  Violat ion
• Con tact  In ter act ion
• Quar k  Radiu s 
• Ext r a- dim en sion
• Exci ted Fer m ion
• SUSY in  MSSM Rp conser v in g 

m odel
• SUSY in  Rp v iolat ing m odel

Exclu sive f inal  states 

• Isolated e , µ, τ and m issing 
p T

• Single- top l im i t s
• Mu l t i  elect r on , m u l t i  m u on  

even ts
• Doubly - char ged H iggs 

l im t is
• Gener al  sear ch
• Magnet ic Monopoles

In  r ed th e topics cover ed in  th is ta lk
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σ σ  = −  

Rq <  0.85 x 10 - 16 cm  

(ZEUS)

Rq <  1.0 x 10 - 16 cm  (H1)

•  Lar ge Q 2 cover ed by  HERA  u p 
to 4·10 4 GeV2

•  New  physics w ou ld pr oduce 
dev iat ions f r om  SM pr edict ion  at  
h igh  Q 2  

Con tact  In ter act ion : In t r oduct ion  

eq →  eX

eq →  νX

CI: Qu ar k r ad iu s f or m  f actor
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CI: Com posi teness

Cur ves a r e 95% CL exclusion  l im i t s f or  posi t ive (+Λ) or  nega t ive (−Λ) in ter f er ence ter m
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Isola ted leptons and m issing p T   

Even ts Topology :
•  H igh  p T lepton  (p T

  >  5 , 10  GeV)

•  M issin g PT (>  20 , 25  GeV)

•   Jet

Dom inan t  SM pr ocess is W pr oduct ion : σ(ep→  e W±  X) ~  1 pb
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Isola ted leptons and m issing p T   (2)
Electrons Muons Taus

Obs. SM Obs. SM Obs. SM

5 1.76 ± 0.30 6 1.68 ± 0.30

3 0.66 ± 0.13 3 0.64 ± 0.14

2 5 2

0 0 1

H1 118 pb-1 P
T

X cut

P
T

X > 25 GeV

P
T

X > 40 GeV

ZEUS 130 pb-1 P
T

X> 25 GeV 2.9 +0.59/-0.32 2.75 ± 0.21 0.20 ± 0.05

P
T

X> 40 GeV 0.94 +0.11/-0.1 0.95 +0.14/-0.1 0.07 ± 0.02

● H1: obser ve 6 spectacu lar  even ts w i th  e or  µ  and P
T

X  >  4 0  G e V

● ZEUS: even ts agr ee w ith  SM, 2 in t r igu ing  even ts

● Is the excess in  e+ p col l ision  at  h igh  pT
X  new  physics?

● Single top pr oduct ion  

   v ia anom alous m agnet ic and vector  

FCNC top coupl ing k t u γ,, v t u Z 

● SM cr oss- sect ion  ~  1fb - 1
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Sear ch  f or  Sing le Top

• H1 obser ve excess in  lepton ic chann el  (e+ µ )

• Is th is single top v ia FCNC? 
✔ I f  yes 
   σ (ep→ etX)  ~  0.29+ 0 .15 / - 0 .14  pb
✔ I f  not  upper  l im i t  
   on  k t u γ <  0.27 @ 95% CL

• ZEUS: 

Good agr eem en t  w i th  SM 

• σ (ep→ etX) 
   <  0.225 pb @ 95% CL
•  Z- exchange evaluated 
    →  l im i t - cu r ve
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Sear ch  f or  m u lt i  lepton  even ts

Ver y  clean  pr ocess  w h ich  can  be sensi t ive to new  physics at  
h igh  di (t r i )- lepton  in var ian t  m ass 

Select ion :
• 2 or  3 isolated lepton s (ee, eee, µµ , µµe)
• p T >  5 GeV an d 10 GeV

• 3 r d elect r on  w i th   Ee >  5 GeV



B.Oliv ier , Sear ches f or  New  Physics in  ep  coll isions a t HERA  10

Mult i  lepton  even ts

6 ou tstanding even ts M 1 2  >  100 GeV

Sample Data SM
2e Total 108

3e Total 17 20.3±2.1

3 0.30±0.04

3 0.23±0.04

117±8.6

2e M
12

>100 GeV

3e M
12

>100 GeV

Sample Data SM
2e Total 191 213.9±3.9

3e Total 26 34.7±0.5

2 0.77±0.08

0 0.37±0.04

2e M
12

>100 GeV

3e M
12

>100 GeV

Good agr eem en t  w i t h  SM

H 1 ZEUS

  µ µ , µ µ e f inal  states: good agr eem en t  w i t h  SM (1  µµ even t  w /  M> 100  GeV)
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Gener a l  Sear ch  (H1)

• Select  even ts w i th  at  least  2 isolated obj ect  w i th  PT  >  20 GeV 

• Obj ect  ar e: e, µ , j  , γ   and  ν  or  non  in ter act ing par t icle

• P  stat ist ical  est im ator  to look for  lar ge dev iat ion  

   f r om  SM in  M a l l and ? pT

• Lar gest  dev iat ion  found in  µ - j - ν  

^

2 5  fin a l s ta te s  w ith  
s ig n ific a n t c o n tr ib u tio n s   



B.Oliv ier , Sear ches f or  New  Physics in  ep  coll isions a t HERA  12

Com m un ica t ion   
w it h  ou r  v isible 

w or ld  v ia  gr avi t y

M echanism  o f SU SY  breaking 
unknow n: different m odels  

Com m un ica t ion  v ia  
gauge bosons

Lightest SU SY Par ticle, LSP:

M SSM : lightest neutr a lino
GM SB: gr avitino

H ERA sear ches:

RPV +M SSM : squar ks
RPV +GM SB: gr avitino

R p= (-1 ) 2S+3B+L

S: sp in
B: bar yon num ber
L: lep ton  num ber

 sym m etry betw een ferm ions and bosons
 cancels quadratic d ivergences in  higgs m ass

 fine tuning problem
 hierarchy problem

 coupling unification
 ...

Super - Sym m etr y  Models 
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Boson ic Stop Decay
Boson ic decays con t r ibu te i f  a l low ed k in .

Possible scenar io : m (sbot tom ) <  m (stop)

and m ain  decay m ode of  b1  is b1  →  ν  d

Signatu r e: l  +  j et  +  PT ,m iss

 
_

ν e

_
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Sear ch  f or  Super l igh t  Gr av i t inos 

SUSY RPV +  GMSB scenar io:

Gr av i t ion o LSP, χ 0 NSLP
m (squ ar ks) >  m (sleptons)

•  Signatu r e: γ  +  j et  +  PT ,m iss

•  1 even t  found, 
   2.55 ±  1.30 expected

Lim i t s in depen den t  of  the 
squ ar k  m asses

•  Typical  LEP l im i t s on  sleptons 
    ar e  ~  90 – 100 GeV 
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Conclusions
•  HERA  is a un iqu e faci l i t y  to sear ch  for  n ew  ph ysics an d test  

m odels ( con tact - in ter act ion , quar k  r adius, an om alou s top 
pr oduct ion , RPV- SUSY,... )

•  Ou tstan din g H1 m u l t i - elect r on  even ts M
ee

 >  100 GeV

•  Final  r esu l t s on  isolated leptons at  HERA  I:
– Excesss in  e, µ  chann els f r om  H1, in  τ chann el  f r om  ZEUS
– Th e tw o r esu l t s ar e not  easy  to expla in  together  
– HERA  II w i l l  sor t  ou t

•  HERA  II p lan : x10 m or e lu m in osity  +  e lon g itu d in a l 
pola r isa t ion

– H ERA  II del iver ed ~ 30 pb - 1  of  lu m in osi ty in  2003/ 4
– In st . lu m in osi ty (3 ·10 31 cm - 2s- 1) h igh er  th an  H ERA  I
– Lon gi tu d in a l  polar izat ion  ~ 30- 50%
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Out look : HERA  II

• HERA  II del iver ed ~  30 pb - 1 of  
lu m inosi t y  in  2003- 2004

• In stan tan eous lum in osi t y              
(3·10 31 cm - 2s- 1) a l r eady  h igh er  th an  
HERA  I 

• Lon gi tudinal  elect r on  polar izat ion    
    >  30%

2002- 2004
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Backup Sl ides
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Sear ch  f or  Doubly  Char ged H iggs

si n g l e  p r od u ct i on  a t  H ER A

H + +  pr edicted in  LR 

sym m et r ic m odels

A t  HERA : e+ p →  e- H + + X, H + + →  l + l +  
→  m u lt i - lepton  f inal  state !
Sensi t iv i t y  to  h

ee
 coupl ing

H1 com bines e and µ channels 
On ly  one ee even t  fu l f i l ls char ge 
r equ ir em en t

H + +  in ter pr etat ion  
un l ikely

h
ee
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CI: Lar ge ext r a 
d im ensions

A r kan i - Ham ed et  a l . [Phys.Let t . B429, 263 (1998)]:

– SM par t icles pr opagate in  4- D, 
gr av i ton s in  (4+ n )- D

– M p
2 =  Rn  M s

2+ n

● M s scale of  the 
4+ n  theor y (~ 1 TeV)

● R =  size of  n  com pact  
ext r a dim ensions

– Vir tual  Kalu za- Klein  
“ gr av i ton ”  exch an ge 
in ter fer es w i th  γ,Ζ 

– Ef fect ive coupl in g η G=  λ/ M s
4 

Limits H1 ZEUS

0.78 TeV 0.82 TeV

0.82 TeV 0.81 TeV

λ=-1

λ=+1



B.Oliv ier , Sear ches f or  New  Physics in  ep  coll isions a t HERA  20

Squar ks
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Isola ted leptons and m issing p T   (2)

Electrons Muons Taus
Obs. SM Obs. SM Obs. SM

5 1.76 ± 0.30 6 1.68 ± 0.30

3 0.66 ± 0.13 3 0.64 ± 0.14

2 5 2

0 0 1

H1 118 pb-1 P
T

X cut

P
T

X > 25 GeV

P
T

X > 40 GeV

ZEUS 130 pb-1 P
T

X> 25 GeV 2.9 +0.59/-0.32 2.75 ± 0.21 0.20 ± 0.05

P
T

X> 40 GeV 0.94 +0.11/-0.1 0.95 +0.14/-0.1 0.07 ± 0.02

● Is the excess in  e+ p col l ision  at  h igh  pT
X  new  physics?

● Single top pr oduct ion  v ia anom alous m agnet ic and vector  

FCNC top coupl ing k t u γ,, v t u Z 

● SM cr oss- sect ion  ~  1fb - 1
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Single top: sem i- lepton ic decays

•  ZEUS: no even ts w i th  PT
X >  40 

GeV

•  H1: f u r ther  cu t s to select  top

–On ly  posi t ive leptons 

–Pt
j et  > 30 GeV, M l νb> 140 

GeV

5 even ts (3e,2µ ) – SM 1.31±  
0.22

Top ef f iciency:
36% elect r on
38% m uon  
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Single top: hadr on ic decays
Cut H1 ZEUS

40,30,15 GeV 40,25,14 GeV

W mass window

Top mass window

PT
jet

65 < M
jj 
< 95 GeV 62.5 < Mjj < 90.8 GeV

150 < Mjets< 210 GeV 159 < Mjets< 188 GeV

Both  exper im en ts agr ee w i th  SM in  the hadr on ic ch an nel  

H1 ZEUS
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D= 0: QCD j ets D= 1 tau  j ets

Isola ted τ even ts 

• Exten d sear ch  for  isolated h igh - pT leptons and m issin g p T t o 
τ- lepton  decay in g hadr on icaly

• τ selected u sing discr im inan t  D  base on  j et - shape var iable: 
pen ci l - l ike j et , on ly  1 t r ack  in  j et   
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Isola ted τ even ts

• pT
m iss >  20 GeV

• Isolated t r ack, pT
t r a ck >  5 GeV 

•  Not  com pat ib le w i th  e/ µ / j et  channels  

•  2 even ts have opposi te char ge w h i le 
top pr oduce an t i - lepton  (an t i - top 
pr oduct ion  h igh ly  suppr ess in  ep 
col l ision )

⇒  un l ikely  to be single top   

Cut Data SM

7

D>0.95 3

2

φ
aco

> 80
2.2 +0.39/-0.58

0.40 +0.12/-0.13

PT
X > 25 GeV 0.20 ± 0.05

(Pr ob. stat ist ical   f lu ctuat ion  
1.8%)
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→  K0p,K+n

Sear ch  f or  K 0
Sp r esonance

● Sever al  f ixed tar get  exper im en ts obser ve a nar r ow  bar yon  
S= + 1 r eson an ce ~ 1530 MeV, 
(LEPS, DIA NA , CLA S, SA PHIR, HERMES, SVD)

● Obser vat ion  com pat ib le w i th  Θ+ pen taquar k
at  1530 MeV an d w idth  < 15 MeV, pr edicted
in  th e sol i t on  m odel  by  D.D iakon ov , 
V.Pet r ov  an d M.Polyakov

● Sear ch  of  pen taquar k  r econ st r uct in g KS
0- (an t i )pr oton  

in var ian t  m ass

● Th e sear ch  is per for m ed in  the cen t r a l - t r ack in g r egion , 
w her e h adr on  pr oduct ion  is dom in ated by  f r agm en tat ion    
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Sear ch  f or  K 0
Sp r esonance: K 0

S 

select ionData Set
• 121 pb - 1 , 1996- 2000 e± p data @ 300- 319 

GeV 
• D IS even ts Q2  >  1 GeV
K 0

S select ion : K0 →  ? + ? -

•  CTD t r acks,  pT> 150 MeV, | η | < 1.75

•  K 0
s f r om  secondar y ver tex

•  Photon  conver sion  r em oved: 
M(e+ e- ) <  50 MeV

•  Λ 's r em oved M(? p) <  1121 MeV

•  pT(K 0)> 300 MeV; | η (K 0)| < 1.5

Peak at  498.12 ±  0.01 (stat ) MeV

Double Gaussian  +  l inear  
backgr ound f i t

869690 ±  1016 K 0 candidate
backgr ou nd ~  6%  
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Sear ch  f or  K 0
Sp r esonance: p  

select ion
• Most  of  the signal  p~ 0.8- 2 

GeV 

• p< 1.3 GeV inside dE/ dx ban d

• E(pr oton ) >  E(K 0)

• A ssign  pion  m ass to pr oton  
can didate, r econst r uct  K 0? , 
r ej ect  p ions f r om  K* : 
800 <  M(K 0? ) < 980 MeV  
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K 0
Sp(an t i - p) invar ian t  m ass

Com bin ed sam ple: 372± 75 candidates
Peak   1527 ±  2(stat ) MeV, w idth  10 ±  2(stat ) MeV
(Mass r esolu t ion  f r om  MC sim u lat ion : 4± 1 MeV) 

Fi t : Gaussian  + p3(f r ee par am eter )
ZEU S 
p re lim inary


