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Overview

• very fertile field         try to cover subjects 
updated since last summer

• targeted model specific searches, among them 
many old stalwarts (LQs, SUSY, W’/Z’)

•  more recent additions to the non-SM repertoire

• last not least, global/’model-independent’ analyses
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Overview

• Leptoquarks (Hera & Tevatron)

• Technicolor (Tevatron) 

• SUSY 

• Charginos & Neutralinos 
→Trileptons (CDF, D0)

• Squarks & Gluinos → 
Jets + MET (CDF, D0)

• Stop (CDF, D0)

• GMSB → 2 Photons 

• W’/Z’

• Large Extra Dimensions 
→Monophotons / Monojets

• 4th Generation

• Maximum Flavour Violation

• Excited Quarks and Leptons

• long-lived particles

• Isolated Leptons (Hera)

• VISTA/Sleuth
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Data Samples

• Tevatron Run II: 4/fb delivered, up to 2/fb analyzed; 
target of 8/fb/experiment until Fall 2010

• Hera: final (June 2007) sample of 0.5/fb/
experiment, distributed over e+/e- and beam 
polarisations

!"#$%&'('"%)*+,-%!./0'#1 23#'%%456%4557 8.9'%:%%%%%%%%

Data Set = “Run IIa”

Results based on Run IIa data set

Introduction

The ep collider HERA offers the unique possibility to search for the resonant production of new
particles coupling directly to a lepton and a parton. Leptoquarks (LQs), colour triplet bosons,

which appear naturally in various unifying theories beyond the Standard Model (SM) are such

an example. At HERA, leptoquarks could be singly produced by the fusion of the initial state

lepton of energy 27.6 GeV with a quark from the incoming proton of energy up to 920 GeV.

The phenomenology of LQs at HERA is discussed in detail in [1]. The effective Lagrangian

considered therein conserves lepton and baryon number, obeys the symmetries of the SM gauge

groups U(1)Y , SU(2)L and SU(3)C and includes both scalar and vector LQs. A dimensionless

coupling λ defines the coupling at the e-q-LQ vertex. At HERA, LQs can be resonantly pro-
duced in the s-channel or exchanged in the u-channel between the incoming lepton and a quark
coming from the proton. In the s-channel, a LQ is produced at a massM =

√
sepx where x is

the momentum fraction of the proton carried by the interacting quark.

Period Collisions
√

s E-beam polarisation Luminosity

HERA I

e+p 301 GeV 0 37 pb−1

e−p 319 GeV 0 14 pb−1

e+p 319 GeV 0 64 pb−1

HERA II

e+p 319 GeV +0.31 99 pb−1

e+p 319 GeV -0.36 78 pb−1

e−p 319 GeV -0.26 104 pb−1

e−p (NC) 319 GeV +0.32 51 pb−1

e−p (CC) 319 GeV +0.37 30 pb−1

Table 1: The data sets used in the present search for leptoquarks. The present paper presents the

analysis of the full HERA II data sets. The HERA I data samples are used as analysed in [1].

Due to the more favourable quark-densities of quarks with respect to anti-quarks at high x,
the e−p data sets are mostly sensitive to LQs with fermion number1 F = 2, whereas e+p colli-
sions are more favourable for the production of F = 2 LQs. The search reported here considers
the decays LQ → eq and LQ → νq where q represents both quarks and anti-quarks. Such
LQ decays lead to final states similar to those of deep-inelastic scattering (DIS) neutral cur-

rent (NC) and charged current (CC) interactions at very high Q2, the negative four-momentum

transfer squared. If the final state is of type eq, the LQ mass is reconstructed from the measured
kinematics of the scattered electron. If the final state is of type νq, the LQ mass is reconstructed
from the hadronic final state [1].

This note presents a search for LQs coupling to first generation fermions with fermion num-

ber F = 0 and F = 2 in scattering of longitudinally polarised electrons or positron on protons
at a centre-of-mass energy of

√
sep of up to ≈ 320 GeV. The new HERA II data sets are anal-

ysed in the present preliminary analysis. The results of these searches are combined with the

1The fermion number F is given by F = |3B + L| with B and L being the baryon and lepton number

respectively.

1
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Leptoquarks: HERA & Tevatron

• carry both quark and lepton quantum 
numbers

• appear in GUT’s, extended Technicolor, 
Compositeness

• Tevatron: pair production of all three 
families (LQ1, LQ2, LQ3)

• Hera: direct production of LQ1

• β = BF (LQ → lepton + jet)

Limit Results

In the following limits are derived within the phenomenological model proposed by Buchmüller,

Rückl and Wyler (BRW) [5].

Table 2 lists the 14 LQ types with fermion number F = 0 and F = 2 and their respective
decays as described by the BRW model. We use here the nomenclature of [6] to label the

various scalar SI,L (S̃
( )

I,R) or vector Ṽ
( )

I,L (VI,R) LQ types of weak isospin I , which couple to a
left-handed (right-handed) electron. The tilde is used to distinguish LQs which differ only by

their hypercharge. In the BRW model the branching ratios of the LQ types into electron–quark

(βe) and neutrino–quark (βν) are fixed and equal to 1 or 0.5 (βe) and 0 or 0.5 (βν) depending on

the LQ quantum numbers.

F = 2 Prod./Decay βe F = 0 Prod./Decay βe

Scalar Leptoquarks

S0,L e−LuL → e−u 1/2 S1/2,L e+
RuR → e+u 1

→ νd 1/2

S0,R e−RuR → e−u 1 S1/2,R e+
LuL → e+u 1

S̃0,R e−RdR → e−d 1 e+
LdL → e+d 1

S1,L e−LdL → e−d 1 S̃1/2,L e+
RdR → e+d 1

e−LuL → e−u 1/2

→ νd 1/2

Vector Leptoquarks

V1/2,R e−RdL → e−d 1 V0,R e+
LdR → e+d 1

e−RuL → e−u 1 V0,L e+
RdL → e+d 1/2

→ νu 1/2

V1/2,L e−LdR → e−d 1 Ṽ0,R e+
LuR → e+u 1

Ṽ1/2,L e−LuR → e−u 1 V1,L e+
RuL → e+u 1

e+
RdL → e+d 1/2

→ νu 1/2

Table 2: Leptoquark isospin families in the Buchmüller-Rückl-Wyler model. For each leptoquark, the

subscript denotes its weak isospin and the chirality of the incoming electron which could mediate their

production in e−p collisions. Charge conjugate processes are not shown.

The resulting constraints are shown in fig. 5 for all 14 LQ types. The strongest constraints on

the coupling λ can be set for LQ masses below the kinematic limit of the s-channel. At higher
masses, beyond HERA centre-of-mass energy, the LQ production is not resonant but proceeds

via contact interactions. In this region the LQ production cross section scales approximately

with (λ/MLQ)4.

The constraints obtained in the present analysis on the S̃1/2,L and S0,L LQs are compared in

figure 6 to the results obtained at LEP [7, 8] and Tevatron [9]. Indirect constraints were obtained

3

production & decay at Hera 
(within 

Buchmüller-Rückl-Wyler 
model)

!"#$%&'('"%)*+,-%!./0'#1 23#'%%456%4557 8.9'%:;%%%%%%%%

Leptoquarks
Couples directly to a quark and a lepton

Carry both a baryon number and a 
lepton number

Predicted in GUT's, Extended 
Technicolor, Compositeness

Spin-0 or spin-1

Charge Q = 1/3, 2/3, 4/3

Minimal Buchmüller-Rückl-Wyler model: 
small LQ masses (large cross section) in 
reach of Tevatron

Pair production via qq or gg

Cross-section only depends on M(LQ)

Scalar LQ production calculated to NLO

! := BF(LQ " lj)
# x BF($$jj) % (1   !)2

# x BF(lljj)   % !2

# x BF(l$jj)  % 2! (1   !)
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Leptoquarks: Tevatron

• LQ1: signature 2 electrons + 2 jets

!"#$%&'('"%)*+,-%!./0'#1 23#'%%456%4557 8.9'%:;%%%%%%%%

LQ1: eejj

Pair production of LQ1

At least 2 electrons and 2 jets
! Electrons: central-central (|!| < 1.1) or central-

forward (|!| < 1.1, 1.5-2.5), ET > 25 GeV

! Jets: ET > 25 GeV, |!| < 2.5

Further cuts to improve sensitivity
! Limits on scalar and vector LQ

ST = ET(e1) + ET(e2) + ET(j1) + ET(j2)

Best expected limits (M(LQ) = 290 GeV) for 
M(ee) > 110 GeV and ST > 400 GeV

Use <Mej> = (Mej1 + Mej2) / 2 distribution to 
set limits (Mej1 and Mej2 chosen such that LQ 
and LQ difference minimal)

M(ee) in events with "2 jets

S
T
 after M(ee) > 110 GeV cut

N
e
w
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LQ1: eejj

Pair production of LQ1

At least 2 electrons and 2 jets
! Electrons: central-central (|!| < 1.1) or central-

forward (|!| < 1.1, 1.5-2.5), ET > 25 GeV

! Jets: ET > 25 GeV, |!| < 2.5

Further cuts to improve sensitivity
! Limits on scalar and vector LQ

ST = ET(e1) + ET(e2) + ET(j1) + ET(j2)

Best expected limits (M(LQ) = 290 GeV) for 
M(ee) > 110 GeV and ST > 400 GeV

Use <Mej> = (Mej1 + Mej2) / 2 distribution to 
set limits (Mej1 and Mej2 chosen such that LQ 
and LQ difference minimal)

M(ee) in events with "2 jets

S
T
 after M(ee) > 110 GeV cut

N
e
w
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LQ1: eejj

Pair production of LQ1

At least 2 electrons and 2 jets
! Electrons: central-central (|!| < 1.1) or central-

forward (|!| < 1.1, 1.5-2.5), ET > 25 GeV

! Jets: ET > 25 GeV, |!| < 2.5

Further cuts to improve sensitivity
! Limits on scalar and vector LQ

ST = ET(e1) + ET(e2) + ET(j1) + ET(j2)

Best expected limits (M(LQ) = 290 GeV) for 
M(ee) > 110 GeV and ST > 400 GeV

Use <Mej> = (Mej1 + Mej2) / 2 distribution to 
set limits (Mej1 and Mej2 chosen such that LQ 
and LQ difference minimal)

M(ee) in events with "2 jets

S
T
 after M(ee) > 110 GeV cut

N
e
w

ST = Ee1
T + Ee2

T + Ej1
T + Ej2

T

!"#$%&'('"%)*+,-%!./0'#1 23#'%%456%4557 8.9'%:;%%%%%%%%

LQ1: eejj

Vector LQ:
M(LQ1)  > 350 GeV (Q=1/3, T3= -1/2, !G=1, "G=0)
M(LQ1)  > 410 GeV (Q=1/3, T3= -1/2, !G=0, "G=0)
M(LQ1)  > 458 GeV (Q=1/3, T3= -1/2, !G=-1, "G=-1)

Preliminary

http://www-d0.fnal.gov/Run2Physics/WWW/results/np.htm

Scalar LQ M(LQ1) > 292 GeVScalar LQ M(LQ1) > 292 GeV
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LQ1: Tevatron & Hera

• comparison to previous D0 

limit

• Hera result

7
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Figure 6: Exclusion limits at 95% CL on the coupling λ as a function of the leptoquark mass
for S̃0,L (left) and S0,L (right) in the framework of the BRW model. The indirect limit from

LEP (OPAL and L3) and the direct limits from Tevatron (D0) are shown for comparision. The

published H1 limit from HERA I data is also shown.
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Leptoquarks: Tevatron: LQ2

• signature: (exactly one) muon + 2 jets + MET

!"#$%&'('"%)*+,-%!./0'#1 23#'%%456%4557 8.9'%:;%%%%%%%%

Leptoquarks: 2nd Generation – !"jj
Basic selection:

# Exactly one muon with pT>20 GeV, at least 2 jets with pT>25 GeV, MET > 25 GeV

# MET not aligned with muon to minimize mis-measured MET

# MT(µ, !) > 50 GeV to reject QCD background

Optimize for m(LQ) = 200 GeV:
# MT(µ, !) > 160 GeV – remove background from W production

# Scalar transverse energy ST = pT(µ) + pT(jet1)+ pT(jet2) + MET > 350 GeV

# MT(!, jet1) > 150 GeV – correlated with LQ mass

# |M(LQ)_rec – M(LQ)_gen| < 100 GeV for the µ-jet combination closest to searched LQ
!"#$%&'('"%)*+,-%!./0'#1 23#'%%456%4557 8.9'%:;%%%%%%%%

Leptoquarks: 2nd Generation – !"jj
Basic selection:

# Exactly one muon with pT>20 GeV, at least 2 jets with pT>25 GeV, MET > 25 GeV

# MET not aligned with muon to minimize mis-measured MET

# MT(µ, !) > 50 GeV to reject QCD background

Optimize for m(LQ) = 200 GeV:
# MT(µ, !) > 160 GeV – remove background from W production

# Scalar transverse energy ST = pT(µ) + pT(jet1)+ pT(jet2) + MET > 350 GeV

# MT(!, jet1) > 150 GeV – correlated with LQ mass

# |M(LQ)_rec – M(LQ)_gen| < 100 GeV for the µ-jet combination closest to searched LQ
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Leptoquarks: Tevatron

• D0:  m(LQ2) > 214 GeV         
for β = 0.5 

• CDF: exclusive dijet + MET 
analysis

update including μμjj channel 
(for publication) underway

9
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LQ2 – Results

(m(LQ) = 200 GeV,

others similar)

Dominant remaining backgrounds:

W+jets, ttbar

m(LQ) > 214 GeV for m(LQ) > 214 GeV for !! = 0.5 = 0.5

For publication, update including

!!jj channel underway

Preliminary

http://www-d0.fnal.gov/Run2Physics/WWW/results/np.htm
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LQ3: Tevatron

• LQ3 → τ b

• 2 opposite sign taus and 
2 jets

• τ1→μνν 

• τ2→ν + hadrons (neural 
net)

10
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LQ3: Tevatron

• D0: m(LQ3) < 210 GeV for 
β=1excluded at 95% CL

11

• CDF (exclusive dijet 
analysis): m(LQ3) < 167 
GeV excluded at 95% CL
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Technicolor: Tevatron

• alternative (to Higgs) for EWSB

• search for decay techni-rho→techni-pion+W

• signal (W+b-jets) very similar to WH search
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SUSY: Tevatron

• chargino + neutralino pair production →trileptons

• limits set in mSUGRA (5 free parameters)

• (slightly different choices CDF vs. D0)
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SUSY: Tevatron

• squarks and gluinos → jets + MET
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

SUSY: Tevatron: stop

• potentially lightest squark; three 
decay paths studied:

•                  2 c jets + MET 

•                                           
2 leptons (1 isolated), 2 jets 
(1 btag), MET

•                 e+μ+2b+MET

t̃1 → cχ̃0
1

t̃1 → bχ̃±1 → bχ̃0
1lν

!"#$%&'()*+"#+)

,""-%./0)123)45.")6778

9:;'/<=)>"?'-#@.);"A)BC".@$".')

BC<+%D+

E7

7

E

7

EEE
FFFF
!! ccttpp ""

!"#$%&'()*!
+(,%-.%"/.

 

012/".!"%!&'()*

 

3'.%"#%

0()2.%+14152

 

"/(5*!%"#%(%0()2.

 

"#$%+(!!

16%+789:+G!E
7H

 

;%+7!"9%;%+7-9:<7=9:+7!>
?9

@125(0A

 

B%(8#$0(5()

 

8CD."!%:%<EF

G(8*2)#'53A

 

+(150,%H:7IJ9D."!

GeV 65m for  excludedGeV  150m
1t
## !FF

1)

2) $!! lbbt 7

EEE
FFF

""
%

16%+7-9:+7!>
:9%;%+7!"9%;%+7"9

 

A%K%"#$%3.8(,
(53

 

+7!>
:9%;%+7!>

?9:+7=9

 

A%GL%l"

 

0()2.

@125(0A

 

B%0.$"#5!%7>%1!#0(".39

B%D."!%7>%-"(29

<EF

G(8*2)#'53A

 

+(150,%"#$

L.8#5!")'8"%!"#$%+(!!%(53%!."%01+1"

 
-(!.3%#5%(-!.58.%#6%!125(0

!"#$%&'()*+"#+)

,""-%./0)123)45.")6778

9:;'/<=)>"?'-#@.);"A)BC".@$".')

BC<+%D+

E7

7

E

7

EEE
FFFF
!! ccttpp ""

!"#$%&'()*!
+(,%-.%"/.

 

012/".!"%!&'()*

 

3'.%"#%

0()2.%+14152

 

"/(5*!%"#%(%0()2.

 

"#$%+(!!

16%+789:+G!E
7H

 

;%+7!"9%;%+7-9:<7=9:+7!>
?9

@125(0A

 

B%(8#$0(5()

 

8CD."!%:%<EF

G(8*2)#'53A

 

+(150,%H:7IJ9D."!

GeV 65m for  excludedGeV  150m
1t
## !FF

1)

2) $!! lbbt 7

EEE
FFF

""
%

16%+7-9:+7!>
:9%;%+7!"9%;%+7"9

 

A%K%"#$%3.8(,
(53

 

+7!>
:9%;%+7!>

?9:+7=9

 

A%GL%l"

 

0()2.

@125(0A

 

B%0.$"#5!%7>%1!#0(".39

B%D."!%7>%-"(29

<EF

G(8*2)#'53A

 

+(150,%"#$

L.8#5!")'8"%!"#$%+(!!%(53%!."%01+1"

 
-(!.3%#5%(-!.58.%#6%!125(0

!"#$%&'()*+"#+)

,""-%./0)123)45.")6778

9:;'/<=)>"?'-#@.);"A)BC".@$".')

BC<+%D+

E7

7

E

7

EEE
FFFF
!! ccttpp ""

!"#$%&'()*!
+(,%-.%"/.

 

012/".!"%!&'()*

 

3'.%"#%

0()2.%+14152

 

"/(5*!%"#%(%0()2.

 

"#$%+(!!

16%+789:+G!E
7H

 

;%+7!"9%;%+7-9:<7=9:+7!>
?9

@125(0A

 

B%(8#$0(5()

 

8CD."!%:%<EF

G(8*2)#'53A

 

+(150,%H:7IJ9D."!

GeV 65m for  excludedGeV  150m
1t
## !FF

1)

2) $!! lbbt 7

EEE
FFF

""
%

16%+7-9:+7!>
:9%;%+7!"9%;%+7"9

 

A%K%"#$%3.8(,
(53

 

+7!>
:9%;%+7!>

?9:+7=9

 

A%GL%l"

 

0()2.

@125(0A

 

B%0.$"#5!%7>%1!#0(".39

B%D."!%7>%-"(29

<EF

G(8*2)#'53A

 

+(150,%"#$

L.8#5!")'8"%!"#$%+(!!%(53%!."%01+1"

 
-(!.3%#5%(-!.58.%#6%!125(0

t̃1 → blν̃

15



PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

SUSY: Tevatron: GMSB

• 2 photons + MET

• photon pointing →primary vertex
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

W’: Tevatron

•   W′
L,R → eν
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

W’→tb

• decay channels depend on mass of right 
handed neutrino
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

Z’: Tevatron

• scan M(ee) spectrum in steps of 1 GeV

• largest deviation 3.8 σ
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

Large Extra Dimensions: Tevatron

• monophoton and monojet final states 
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

Z+γ resonances: Tevatron

• narrow scalar or vector resonance decaying into Z+photon; Z → ee or μμ

• arXiv:0806.0611; sub.to Phys.Lett.B

!"#$%&'('"%)*+,-%!./0'#1 23#'%%456%4557 8.9'%:%%%%%%%%

Resonances in Z+! arXiv:0806.0611

submitted to Phys.Lett.B

Scalar or vector narrow resonance Scalar or vector narrow resonance 
decaying into Z+decaying into Z+!!, with Z , with Z "" ee or  ee or ####

Isolated e, #, ! with pT > 15 – 25 GeV

ll! mass resolution 4% – 8% (mass 
constraint to Z for muon channel)

Mll > 80 GeV after optimization against 
background (Z+! and Z+jet dominant)

Find 49(50) events in e(Find 49(50) events in e(##) channel, ) channel, 
compatible with SM expectation of compatible with SM expectation of 
42 42 $$ 7 (46  7 (46 $$ 7) events 7) events
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submitted to Phys.Lett.B

Scalar or vector narrow resonance Scalar or vector narrow resonance 
decaying into Z+decaying into Z+!!, with Z , with Z "" ee or  ee or ####

Isolated e, #, ! with pT > 15 – 25 GeV

ll! mass resolution 4% – 8% (mass 
constraint to Z for muon channel)

Mll > 80 GeV after optimization against 
background (Z+! and Z+jet dominant)

Find 49(50) events in e(Find 49(50) events in e(##) channel, ) channel, 
compatible with SM expectation of compatible with SM expectation of 
42 42 $$ 7 (46  7 (46 $$ 7) events 7) events
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

4th Generation: Tevatron

• search for        t′t̄′ → (Wj)(Wj)→ (lνj)(jjj)
(for mt < mt′ < mW + mb′)
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

Maximal Flavour Violation: Tevatron
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

Global/model-independent Searches

• excited electrons & quarks

• (isolated leptons at Hera: covered on Thursday)

• long-lived particles decaying to diphotons or dielectrons at the Tevatron

• global spectra analysis and bump hunt at the Tevatron
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

Quark & Lepton Substructure: Tevatron 

• excited quarks→bump in 2 jet mass spectrum
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

Quark & Lepton Substructure: Tevatron

• excited electrons

• arXiv:0801.0877 ; Phys.Rev.D77,091102 (2008)
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Excited Electrons at Hera

• Search for e* in e gamma, e Z and neutrino W 

27

Search for e∗ at HERA (475 pb−1)
Channel Data SM Signal Efficiency [%]
e∗→eγ (ela.) 42 48 ± 4 60–70
e∗→eγ (inel.) 65 65 ± 8 60–70
e∗→νW→νqq̄ 129 133 ± 32 20–55
e∗→νW→νeν
e∗→eZ→eνν

4 4.5 ± 0.7
60
35

e∗→eZ→eqq̄ 286 277 ± 62 20–55
e∗→eZ→eee 0 0.72 ± 0.06 60
e∗→eZ→eµµ 0 0.52 ± 0.05 40–15

Table 1: Observed and predicted event yields for the studied e∗ decay channels. The analysed
data sample corresponds to an integrated luminosity of 475 pb−1. The errors on the SM predic-
tions include model and experimental systematic errors added in quadrature. Typical selection
efficiencies for e∗ masses ranging from 120 to 260 GeV are also indicated.
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Excited Electrons at Hera

• e* mass spectra e+photon, neutrino+jet jet and e + jet jet channels

28
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Figure 1: Invariant mass distribution of the e∗ candidates in the elastic e∗→eγ (a), inelastic
e∗→eγ (b), e∗→νW→νqq̄ (c), and e∗→eZ→eqq̄ (d) search channels. The points correspond
to the observed data events and the histograms to the SM expectation after the final selections.
The error bands on the SM prediction include model uncertainties and experimental systematic
errors added in quadrature. The dashed line represents with an arbitrary normalisation the
reconstructed mass distribution of e∗ events with Me∗ = 240 GeV.
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Excited Electrons at Hera

• Exclusion limits from H1 [DESY 08-052]

29
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Figure 2: Upper limits at 95% CL on the product of the e∗ cross section and decay branching ra-
tio, σ× BR, in the three e∗ decay channels as a function of the excited electron mass. The decay
channels of the W and Z gauge bosons are combined. Areas above the curves are excluded.
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Figure 3: Exclusion limits at 95% CL on the coupling f/Λ as a function of the mass of the
excited electron considering gauge mediated interactions only, with the assumption f = +f ′.
The separate contributions of the different e∗ decay channels are presented in (a). Values of
the couplings above the curves are excluded. The excluded domain based on all H1 e±p data
is represented in (b) by the shaded area. It is compared to the direct (dashed line) and indi-
rect (dotted line) exclusion limits obtained at LEP by the OPAL Collaboration [41] and by the
DELPHI Collaboration [42], respectively. The result from the Tevatron obtained by the CDF
experiment [43] is also shown (dashed-dotted line). The curve f/Λ = 1/Me∗ is indicated in (b).
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Excited Neutrinos at Hera

• Search for ν* in  ν gamma, ν Z and e W 

30

Search for ν
∗ at HERA (e−

p, 184 pb−1)
Channel Data SM Signal Efficiency [%]
ν∗→νγ 7 12.3 ± 3.0 50–55
ν∗→eW→eqq̄ 220 223 ± 47 40–65
ν∗→eW→eνµ 0 0.40 ± 0.05 35
ν∗→eW→eνe 0 0.7 ± 0.1 45
ν∗→νZ→νqq̄ 89 95 ± 21 25–55
ν∗→νZ→νee 0 0.19 ± 0.05 45

Table 1: Observed and predicted event yields for the studied ν∗ decay channels. The analysed
data sample corresponds to an integrated luminosity of 184 pb−1. The error on the SM predic-
tions includes model and experimental systematic errors added in quadrature. Typical selection
efficiencies for ν∗ masses ranging from 120 to 260 GeV are also indicated.
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Excited Neutrinos at Hera

• Exclusion contours

31
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Figure 2: Upper limits at 95% CL on the product of the ν∗ production cross section and decay
branching ratio, σ× BR, in the three decay channels as a function of the excited neutrino mass.
The different decay channels of the W and Z gauge bosons are combined. Areas above the
curves are excluded.
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Figure 3: Exclusion limits at 95% CL on the coupling f/Λ as a function of the mass of the
excited neutrino with the assumptions (a) f = −f ′ and (b) f = +f ′. The excluded domain
based on all H1 e−p data is represented by the shaded area. Values of the couplings above the
curves are excluded. The dashed line corresponds to the exclusion limit obtained at LEP by the
L3 Collaboration [39] in (a) and by the DELPHI Collaboration [40] in (b).
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Isolated Leptons at HERA

• 3 sigma excess reported by H1

• combined Zeus+H1 analysis on full HERA I + HERA II 
samples

•  final Zeus analysis available
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e−p 208 pb−1 9/11.3± 1.5 (54%) 6/5.1± 0.7 (67%) 5/5.5± 0.8 (75%)
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e±p 504 pb−1 16/23.9± 3.1 (61%) 13/11.2± 1.5 (71%) 11/12.9± 1.7 (77%)
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Multileptons: Hera

• background: well understood QED processes

33
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

Multileptons: Hera

• event yields for sum PT > 100 GeV

34
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

long-lived particles: Tevatron

• search for displaced di-em vertices; example: long-lived b’

• for m(b’) < m(t) cτ ~ meters

• b’ decay (di-em) vertex reconstructed in tracker (CDF) 

• or in central preshower + calorimeter (D0) (no track 
required)
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

Global Searches: Tevatron

• VISTA:

• select all data with well-reconstructed objects (pT >17 GeV/c) 
→4 Mio events from 2/fb

• 400 exclusive final states, 20000 distributions, 5000 mass spectra

• compare/fit to standard model prediction
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

VISTA

• look for outliers (distributions with large deviation from SM prediction)

• dist. of events over final states ok; outliers among kinematic distributions all 
due to imperfect modeling of 3-jet final states

final state population kinematic distributions
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VISTA

• sample distributions

38
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

Global Searches: Tevatron: VISTA

• mass bump search

plot variable: probability converted to ‘sigma’ for each 
of the 2316 mass distributions with a bump passing 

bump quality cuts; gaussian above 4.5 sigma. 
P(5 sigma) * 5000 trials = P(3 sigma) 

the sole outlier, with a probability (corrected for the 
trials factor) of 4.1 sigma. Unfortunately also 

consistent with bad modeling of soft gluon radiation 
in Pythia...
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

Global Search: Tevatron: Sleuth

• examine high pT tails of 87 distributions

• probability to observe the smallest observed FSP in MC experiment: 8%
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PIC08 - Stefan Grünendahl: Searches at the Tevatron & Hera

Analysis Web pages

• http://www-cdf.fnal.gov/physics/exotic/exotic.html

• http://www-d0.fnal.gov/Run2Physics/np/

• http://www-h1.desy.de/publications/H1publication.short_list.html

• http://www-zeus.desy.de/public_results/publicsearch.html

• http://www-zeus.desy.de/physics/exo/ZEUS_PUBLIC/exo_public.html

41
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Summary

very vibrant and diverse program

HERA final results based on 500/pb per experiment starting to arrive

Tevatron updates based on 1-2/fb; 4/fb delivered; goal of 8/fb by 2010

steady improvements in all areas

new techniques: 

➡ em-cluster pointing replaces tracking to expand coverage for long-lived 
particles

➡ massive global searches (10,000s of distributions scoured) for any 
deviation from Standard Model

the bulk of the Tevatron data is still to come!
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