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Introduction to HERA

e HERA: ep collider at /s =~ 300/320 GeV

NC event at high Q2: : As&attered €
T 820
ep — eX N DW | FZOGeV
______F l |
2766eV e — «— P

T

1 hadron jet

two detectors: HERA Iuminosit}/
~ -
§_ e
Z 100 |
2 — E, = 920 GeV
3 ---E, = 820 GeV
c 99-00
&
=
- S0
L
% ; ,"'93-97
: 08 99e - H1
k= -99/
0 ,;7"/‘ \ \
0 500 1000

days of running

=> very good performance of HERA until shutdown in fall 2000
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Deep Inelastic Scattering at high Q2

% H1e'p NC 94-00 prelim.
NC A HlepNC

O ZEUSe'p NC 99-00 prelim.
O ZEUSep NC 98-99 prelim.
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% H1le'p CC 94-00 prelim.
A HlepCC
O ZEUSe'p CC 99-00 prelim.
O ZEUSep CC 98-99 prelim.
- SM €'p CC (CTEQS5D)

— SM ep CC (CTEQSD)
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e ) = —q° = xys Four momentum transfer

—=> spatial resolution Ar = 106 cm

2
o r — 2?).61 quark momentum fraction of the proton
=> lepton-quark invariant mass M = +/xs
=> direct production up to M = /s = 320 GeV
oy = % = (1 + cos 6*) inelasticity

—> polar angle of scattered electron

= distinguish DIS (t-channel) and res. produc. (s-channel)

——> unique at HERA: ® e(q interactions at high energies

® particles couplingto eq pairs
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New physics at high Q2 — Contact Interaction

e New physics with A > /s observable as deviations from SM

at high Q2 because of virtual processes.

® parametrization as effective theory:
[e.g. Nucl. Phys. B234 (1984)91.]

(only vector-like terms considered)
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Large Extra Dimensions

e hierarchy problem “solved” by extra dimensions

e Arkani-Hamed et al. [hep-ph/9803315]:

— propagation: SM particles in 4-D; gravitons in (4+n)-D
— M123 — R”M82+" R =size of n compact extra dim.

MZ2T™ ~ O(1TeV): eff. Planck scale
— virtual KK “graviton” exchange interferes with v, Z

— effective coupling ng = £1/M?

= contributionto eq — eq at high Q2
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Leptoquarks

Leptoquarks considered as extension of SM

carry B, L # 0 and couple to leptons and quarks:

s-channel u-channel
lk e by lk
17

LQ
)\ki

q; q;

direct search: resonance peak

e production at HERA: oP™4 = f( Mo, A
ep Q

e Buchmuller-Ruckl-Wyler: [Phys. Lett. B191 (1987) 442.]

— couplings to chiral SM fermions and invariant under SM

gauge group

—> 7 Scalar and 7 Vector Leptoquarks with fermion number
F=—-(3B+L)=0o0r2

1

=> decays: fixed branching 1, 5, 0 into eq and/or vq

e seperate from DIS by Z—Z
DIS: o< 1/y?, Scalar LQ: flat; Vector LQ: o< (1 — y)?
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Leptoquarks — Resonance scan
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Leptoquarks — Limits

BRW model (3 fixed):

e TeVatron pair
production, inde-
pendent of A

e LEP t-channel con-
tribution to ete~ —
hadrons,  strongly

dependent on \

more general model :
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R—Parity violating Supersymmetry

e R, = (—1)*PT*?° R = 41:SMparticles
R, = —1: SUSY particles
e most general theory has K, term:
[hep-ex/9211204 and ref. therein]

Wi, = AijiLiLjEr + )‘gjk:LinDk + N

13k

< Resonant production of ¢ < LSP no more stable

e

e LQ-like decays e, v Gauge decays (@

q q q

cascade decays via Xi/g taken into account

—> large variety of final states
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R-Parity violating Supersymmetry

Searchesfor squarksin Ry viol. SUSY: vMJ channel
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Limits in JR, mSUGRA

minimal SUperGRAVvity:

e common sfermion (gaugino) mass mg (1 /2) at GUT scale

Sear chesfor squarksin R viol. SUSY
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e HERA sensitivity follows squark mass isocurve
e HERA constraints depend on \’

e searches at LEP very sensitive. HERA competitive for

intermediate values of mg for Al;; # 0.
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Excited Fermions

e compositeness of fermions would manifest in excited states
I

e (De-)excitation of states described by effective Lagrangian:
Hagiwara et al. [Z.Phys.C29(1985)115.]
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—> much higher X-section for e p
(W exchange)
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Limits on Excited Fermions

® Cross section depends
on f, f/ and A.

e usually used:
f=-r
or f=+4f'
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Anomalous (FCNC) single top production

e H1: excess of events with isolated leptons, pft“iss and hard jet
(not confirmed by ZEUS)

—> signature for top
® FCNC vertex K¢y~ s Vtuz

e hadr. decay of W conside-

red as well (in agreement

with SM)
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Conclusion and Outlook

X no signal found and limits derived for several
models beyond the SM at HERA

% Contact Interaction, Compositeness, Large Extra

Dimensions
* Leptoquarks
% Lepton Flavour Violation
* Rp violating supersymmetric models
% Excited Fermions

% anomalous top production and FCNC

but: some outstanding events — multi-leptons and isolated
leptons — are still puzzling and very exciting !

— see talk of T. Carli

% prospects for HERA |

— polarisation helps to test specific chiral properties of

models beyond the SM

— higher luminosity (in particular e~ p) will give significant

improvement of limits (e.g.excited neutrinos)



