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Eleciroweak Physics at HERA

> NC and CC cross section (unpolarised)

> W mass and electroweak parameters

» CC cross section with polarised leptons (HERA Il)
> Isolated Leptons and missing pT (HERA Il)

> W Production

= What is new compared to surnmer (ICHEP)
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HERA: ep Collider and Experinmnenis

Ee= 27.6 GeV Ep= 920 GeV
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HERA Delivered Luminosities

longitudinally polarised
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DIS = Neutral Current (NC)

deep inelastic scattering (DIS): H1 detector
E___ ___E H1 Hun 122146 FEvent B8608 Date 18/09,/18956
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= 10~1% cm
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DIS - Charged Current (CC)

deep inelastic (DIS) scattering: H1 detector

- o HL Run 85987 Eveni JR0GE Date 01,/09,/199
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Deep Inelastic Scattering at High @°
(unpolarized bearns)
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Determination of W-Mass

dxdQ® 2n | Q*+M: rmeasurermnent

Mw is propagator mass (enters in Q2 dependency)
Fermi constant G includes most of the radiative

e 2 I = model independent
da.. 0 [ M, J-(V(Pdﬁ‘) pe

= t-channel exchange

corrections unique at HERA
ddGEC: ~ el s "B : 2 [ ;M;,} 5 ] 'q-)i(pdﬁ')
R [1_ M} J 1-Ar" \Q + M, = Standard Model-
M dependent
OMS scheme : Mw also enters in normalization ] i raer: EP
adiative correction Ar computed in SM framework (H. Spiesbe ger: RC)

On Mass Shell renormalisaton scheme

= combined EW-QCD fit to determine EW parameters
accounting for their correlation with parton distributions
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Resulis of Mass Fits:
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Model uncertainties (Olg,Qg,..)




Quark Couplings to the Z Boson

. B : PDF+couplings
) < q b v, CquS Fit: PDF lin
q

_____ - —y 3 SN I AN A O T
bar COSGW 2 > 1 _ H1preliminary B v,-a,vya-PDF |
- v,-a,-PDF .
aq = ]3[‘ Axial coupling, I3=+1/2 for u, -1/2 for d 0-5:— 68% CL —
V= ]L — 28 Sin2 e Vector coupling o_— _
q 3 q W i \ i
0.5 — f
B 3 5 &) .8 & 3 _ | % Standard Model |
Fz B Z[eq _2ququXz &l Yy T 4| ‘ v, va,| XZ}C(CH_Q) -1 —— LEP EWWG preliminary (Feb. 05) .

q B
Xt = Z[_Zeqaqaex +4anqveaex§]x(q—q) | |1 — |-0|.5| - 6 o |0.|5| — '= B
q

\ = already as sensitive as LEP
= removes LEP ambiguities = polarisation: shrinks inv_
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CC with Polarized Leptons
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= good understanding of detectors
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CC with Polarised Lepions
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= no hint for right-handed CC =
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High p, Lepton Events at HERA

Phys. Lett. B 561 (2003) 241

e'p— "X 4 PTmiss e isolated lepton (€ Or W)

Evenc MUOTEL |

e high hadronic pr

Pl = 28 GeV, B = 67 GeV, ™ = 43 GV

® missing calorimeter pr

N )
. Standard Model:
*-u._ S— dominated by W production
: e _— €
_ H"-X.;-ﬂ'j;' q - AY
H1 o el
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|

in NLO-QCD: Diener, C.S., Spira

Eur. Phys. J C 25 (2002) 405
2 Possible other explanations:

Anomalous top production, RPV SUSY: e.g. ep - t - bW (talk by C.N. Nguyen)
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High p, Lepton Events at HERA

Phys. Lett. B 583 (2004) 41

Example of Tau Candidate

tau candidate, P =39 GeV

P =396GeV PX=37 GeV M,=686eV
7 jet: collimated “pencil like”
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Isolated Leptons at HERA I

H1 Collaboration (updated since ICHEP)

HERA lI: complete positron sample HERA I+l combined electron+paositron

Search for 1+PT"* events at HERA Il (53 pb™ ) l+P™=* events at HERA 1994-2005 (e“p, 192 pb™)
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Updated Isolated Lepion Resulis at HERA ||

H1 1994-2005 Electron Muon TauPrel- W contrib.

L(e*p) =192 pb~1 obs./exp. obs./exp. obs./exp. et (7)
Full sample 25/18.4 £2.5| 9/49 +0.8 5/5.81 +1.36 =~ 75(15)%
P& > 25 GeV 1129 £0.6 | [ 6/29 +0.6 | 0/0.53 +0.10 || ~85(50)%
ZEUS 1994-2000 Electron Muon Tau W contrib.

E(eip) =130 p~ obs./exp. obs./exp. obs./exp. e (T)
Full sample 24 /206432 | 12/11.9406 | 3/04 012 | ~17(48)%
PZ > 25GeV 2/294046 | 5/2754021 | 2/024005 || ~50(50)%

= combined electron+muon (H1):
full sample : 34/23.3 + 3.2 (73%)
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W production: W=e v
New ZEUS analysis (66 pb 1 et p, HERA 1)
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= good understanding of detector
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W productlon W=e

W production
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~—— 5 events found = ¢ < 2.8 pb at 95% CL
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Surnmary

> HERA performs a wide range of analyses of electroweak physics
* very good understandig of NC and CC cross section
over more than 7 orders of magnitude!
* measurement of W mass for t-channel W-exchange (unique at HERA)
* remove LEP ambiguities for Zgq couplings
* lepton polarisation: parity violation of CC interaction in agreement with SM
° limit on W production cross section
» §till very interesting excesses in ejv + pjv by H1, in tjv by ZEUS
and also in recent data ejv by H1

= more lurminosity needed to solve “lsolaied Lepion Puzzle”

Outlook

> HERA provides now ep collisions (only =20 pb™' from 1998/99)

= inieresting polential for more “Electroweak Physics frorn HERA”
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Backup
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Isolated Lepton Resulis at HERA |

H1 1994-2000 Electron Muon TauPrel: W contrib.
E(Bip) = 118 pb~! obs./exp. obs./exp. obs./exp. et (7)

Full sample 11/115 +15 | 8/2.94 4050 | 5/5.81 £1.36 || ~75(15)%

P& > 25 GeV 5/1.76 030 | 6/1.68 £030 | 0/0.53 £0.10 || ~85(50)%

P > 40GeV 3/0.66 013 | 3/0.64 +014 | 0/0.22 £0.05 || ~290(55)%

ZEUS 1994-2000 Electron Muon Tau W contrib.
E(eip) =130pb obs./exp. obs./exp. obs./exp. e (T)

Full sample 24 /20.6 3.2 12/11.9 206 3/0.4 1012 ~ 17(48)%

PX > 25 GeV 2/294046 | 5/2754021 | 2/024005 | ~50(50)%

P > 40 GeV 0/0.94 4011 | 0/0.95 4012 | 1/0.07 £0.02 | ~60(70)%

W contribution is NLO: Diener, Schwanenberger, Spira
Eur. Phys. J C 25 (2002) 405

= observed excesses in H1 + Zeus do not match channels
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