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o HERA, a QCD-EW machine

o EW constraints from inclusive data

o Search for new physics at high Q2

o Search for new physics in lepton+missing P; events

o Search for new physics in multilepton events
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HERA, an ep collider

A NC event in H1
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HERA luminosity
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HERA, for EW studies

Main goal of HERA: study the [z £~ 7™
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Inclusive measurements
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Neutral Current at high Q2
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Q2 dependence in NC

Neutral Current (ep — eX)
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Good agreement with SM (EW+QCD)

7 orders of magnitude
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Contribution
of
interference
<— and xF; only
at very high




XF; and x-dependence in NC
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production)
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Charged Current at high Q2
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NC/CC at high Q2

Textbook plot, the
NC (EW) and CC
interaction (pure
weak) are of the
same strength at
the mass of the Z
or W squared.
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Polarized CC

HERA II
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Lepton naturally transver. polarized (Sokolov-
Ternov effect) with a build-up time of 30
minutes. Spin rotators fto provide longitudinally
polarized beams at the experiments.

Lepton polarization 30-40%, changed every 2-3
months, equal lumi for e*, e”, LH and RH.
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Polarized CC

Gec (P)
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( Polarized NC at high Q?)
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Differential CC cross-sections
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Differential CC cross
sections can give
information on the
parton densities

u-dominated

d-dominated




Parton densities and QCD fits
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* Measure F,, ...

» Determine xu,xd, xS, xg from fits at a certain Q.2 and then evolve
in Q% with QCD (DGLAP evolution equations)

* But at high Q? and with polarization, we can do more
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Polarized QCD fits

J(e*p) = (Y,F, FYxF, ) F P(YsF, FY xF,)
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the axial couplings
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the vector couplings

Parton densities and Z-couplings fitted at the same fime
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Polarized QCD fits

ZEUS-Pol fit:
o fit ZEUS data only

o low-x gluon and sea
constrained by F,data

o u,d separation by CC

o EW parameters by NC
at high Q2
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Polarized QCD fits
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Polarized QCD fits
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Vector and axial couplings for u- and d- quarks determined
with competitive precision, in agreement with SM
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Search for new physics in EW

Drocesses
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Events / 20 GeV

Search for Leptoquarks

Leptoquark Search, HERA I+l
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Search for Contact Interactions

Tevatron

The d—/dQ? at high Q?
could show signs of
new physics at scales
—greater than v s
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Contact Interactions
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Extra dimensions
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Quark radius

H1 Quark Radius Limit HERA I+1l (435 pb™)

Can be determined as a form factor,
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High p* jet

I+Ps events at HERA (1994-2004 (¢°p, 158 pb™)
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New physics at H1?

Seen only in e*p, not
seen by ZEUS

Due to W production in
the SM
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Search for new physics in W-like events
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Measurement of W cross-section

.."214i LI L L B L B LR B m25_—||||||III|ZEUSi.e.infhe
S .E * ZEUS 504 pb” = = E |
> 12 [ ISMMC — 0 20— W h l
W0 * B non-W MC - m C T —e—z Channel
6 E wE 3
4;_ ; : _
26" - *E E
00_2040608ﬂ1m12ﬂl4016ﬂ18ﬂ [|: l"'l|llll|:
q) (deg) 0 50 100 150 200 250
» acop MT(GE!V)
m :|||| TTTT TTTT TTTT TTTT |||||||||||||||||||:
T r =
O 20— —
] = 7
Ll - .
15—, —_
lﬂf— _f
m p
5 ]
el

0 10 20 30 40 50 o) 70 80 90

P¥(GeV)

—ep—IWX)=0.89 , ,,"%%>(stat.) £ 0.10 (syst.) pb ; €SM)=1.2 pb

Elisabetta Gallo, INFN Firenze - 29/33




Measurement of W polarization

Lepton momentum 4 J*
in W resl [rame

1/2 ,

W momentum
in lab frame
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35 W-events at Hl, study the angular distributions
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Search for new physics in BH-like events

\\{_’._/.- Bethe- Again excess was obsgrved by HI
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Search for new physics in BH-like events

Di-electrons, HERA I+ll (¢'p, 0.94 fb™)
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Conclusions

o HERA completing analysis of inclusive data in CC and NC
at high Q% with the polarized HERA II data.

o Legacy of HERA will be a reanalysis of all HERAI+II,
combined data from H1+ZEUS.

0 More precise determination of EW parameters and
stringent limits on the quark radius will follow from this.

Thank you for your attention

Elisabetta Gallo, INFN Firenze - 33/33



