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Introduction

HERA
ZEUS & H1
HERA & BSM Physics
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eErsGo SN _ b6y In HERA 1l the lepton beam is
longitudinally polarised

James Ferrando New Physics at HERA 3/26



Introduction

ZEUS & H1 DEus & 1

HERA & BSM Physics
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m Liquid Argon Calorimeter m Depleted Uranium Calorimeter

m Optimised for precision m Optimised for precision
measurement of the measurement of the hadronic
scattered lepton final state
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Introduction

BSM at HERA ?S}Q& H1

HERA & BSM Physics

Several ways to search for BSM physics at HERA:
m Searches for new currents affecting DIS processes:
m Charged Current DIS
m Neutral Current DIS
m Model dependent searches for new particles:

m HERA is not an annihilation machine — the cross section for
pair producing heavy new particles is small

m Single particle production is usually investigated

m Limits depend on coupling of new particle to SM ones — no
absolute mass limits

m Model Independent Searches for new physics:

m Study SM processes with a low cross-section
m investigate all possible final states, compare data to SM
expectation
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O-RH In ei p New currents in DIS

gy in CC DIS
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Excited Neutrinos
SUSY

Model Dependent

Discovery of v* would be direct proof of
compositeness

At HERA v* are produced in CC like
interactions

Extra jets in the event besides v* decay
products

Cross section much larger in e~ p (O(102))
due to favourable u-quarks and helcity
enhancement (like CC)

in 2004-5 HERA data we have O(10) more
e~ p luminosity
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v* Limits

Excited Neutrinos

Model Dependent SUSY
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R, Violating
SUSY - light ¢

Excited Neutrinos

Susy

Model Dependent

ZEUS
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m )\131, direct RPV coupling
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Rp V|O| atl ng Excited Neutrinos

Model Dependent SUSY
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ISOlated Le ptOﬂS Isolated Leptons in Events with Large Missing Pr

Multi-lepton Event:
Model Independent ulti-lepton Lvents

e e High Pt Isolated leptons in events with large
o missing Pt are the signature of many BSM
v/E" processes at HERA
: — SM source at HERA is Single W production:
L At HERA o(W production) ~ 1.1 pb
q W
NC DIS CCDIS Dilepton production

(k") v (k™

R R M " 1
PP X pip) X
Genuine electron and | misidentified lepton Genuine p and
fake P™is* due and genuine Piss fake PSS due
to mismeasurement to mismeasurement
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Exa m ple e Event Isolated Leptons in Events with Large Missing Pt

Model Independent Multi-lepton Events
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Exa m ple /1/ Event Isolated Leptons in Events with Large Missing Pt

Model Independent Multi-lepton Events

ZEUS
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H1 Search

Model Independent

1+P{"** events at HERA 1994-2004 (e'p, 158 pb")

Isolated Leptons in Events with Large Missing Pt

Multi-lepton Events

1+P]'ss events at HERA 1998-2005 (e'p, 121 pb™)
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Z E U S Sea I’Ch Isolated Leptons in Events with Large Missing Pr

Multi-lepton Event:
Model Independent ulti-lepton Lvents
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T C ha n nel Isolated Leptons in Events with Large Missing Pt

Multi-lepton Event:
Model Independent ulti-lepton Lvents
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Multi-lepton

Events

Model Independent

Isolated Leptons in Events with Large Missing Pt

Multi-lepton Events

H1 Preliminary

Multi-lepton analysis (275 pb™?)

H1 Preliminary

Multi-lepton analysis (275 pb~t)
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in ee channel, for M2 > 100 GeV 3/0.44 4+ 0.10 events observed
in eee channel, for M1 > 100 GeV 3/0.29 4 0.06 events observed
no significant excess in other channels
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Multi-lepton

Isolated Leptons in Events with Large Missing Pt

Events & H++ Model Independent R ICPLonjE SHte

Look for ee,ep or et pairs of high -Pt leptons with like charge.
For Mg > 65 GeV':

m 3/2.45 4 0.11 ee candidates
m 1/4.17 £ 0.44 ey candidates
m 1/2.07 £ 0.54 er candidates

James Ferrando New Physics at HERA




Multi-lepton

Events & HTT
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Confirms that excess is unlikely to come from H*+
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Multi-lepton

Isolated Leptons in Events with Large Missing Pt

Events & H++ Model Independent R ICPLonjE SHte
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H1 limits extend the excluded regions
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S umma ry & Summary & Outlook

Leptoquarks

Outlook Back Up

Summary & Outlook

m New limits on parameter space of many BSM models have
been set by the HERA experiments

m Intriguing excesses over the Standard Model remain in high
Pt lepton searches

m In many cases H1 and ZEUS provide the world’s best limits

m With new data still coming in at a faster rate than ever,

HERA experiments can explore many regions of physics
beyond the Standard Model
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Le ptoq u a rks I Summary & Outlook

Leptoquarks
Back Up
Summary & Outlook

g La e m Leptoquarks appear in many SM extensions
e e;g; compositeness, technicolour
9 m Connect Lepton and Quark sectors
P m Scalar or Vector colour triplet bosons
= e m Carry both L & B, have fractional EM charge
LQ m Classified by Buchmiiller, Ruckl and Wyler

according to their quantum numbers
m LQs couple only to SM fermions and bosons
m pure chiral couplings
m family diagonal couplings
m HERA can produce Leptoquarks resonantly in
s-channel

m signature one jet, one e/v
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Leptoquarks Il

Summary & Outlook
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Summary & Outlook
Leptoquarks
Back Up
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m new e~ p data can improve
F=2 limits significantly a2
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Summary & Outlook
Leptoquarks
Back Up

Summary & Outlook

Back up slides follow
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Summary & Outlook

O-RH | m |tS I Leptoquarks

Back Up
Summary & Outlook

m Perform linear least squares fit to o vs. 1 — P with stat.
errors

m Intersect from fit gives central value for ogy and the error on
the intersect from the fit gives statistical error
m Perform systematic checks:

m Shift unpolarised point up & down by syst. error and re-fit

m Shift polarised points up & down together (correlated) by syst.
and lumi. errors

m shift polarised points up & down together by their error on |P|
(anti-correlated to P)

® add in quadrature for syst. error
m Find 95% limit

m Use HECTOR to change M,y on propagator and convert limit
on ogry to limit on M(Wgy)
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SGnSIthlty tO Summary & Outlook

Leptoquarks

Isolated Leptons Back Up

Summary & Outlook

BSM candidate for excess of high Pt RN FEU§ e
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James Ferrando New Physics at HERA 26 / 26



	Introduction
	HERA
	ZEUS & H1
	HERA & BSM Physics

	New currents in DIS
	RH in CC DIS

	Model Dependent Searches
	Excited Neutrinos
	SUSY

	Model Independent Searches
	Isolated Leptons in Events with Large Missing PT
	Multi-lepton Events

	Summary & Outlook
	Summary & Outlook
	Leptoquarks 
	Back Up


