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Introduction
HERA
electron(positron)-proton collider at DESY
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Introduction
HERA II

Through the emission of synchrotron
radiation electron beam at HERA
becomes transversely polarized
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⇐ A.F.Żarnecki Electroweak results from HERA ⇒ – p.4/17



Introduction

H1 ZEUS

ZEUS

Two omni-purpose detectors

Both equipped with silicon tracking, drift chambers,
hermetic calorimetry and muon detector system
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Introduction

H1

Fine-grained LAr calorimeter:
σE/E = 12%/

√
E ⊕ 1% (ele)

σE/E = 55%/
√

E ⊕ 1% (had)

Backward lead-scintillator calorimeter:
σE/E = 7%/

√
E ⊕ 1% (ele)

ZEUS

ZEUS

Uranium-scintillator calorimeter:

σE/E = 18%/
√

E (ele)

σE/E = 35%/
√

E (had)
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Introduction

H1 ZEUS

ZEUS

Combining H1 and ZEUS measurements

Different detectors
⇒ complementary event reconstruction methods

⇒ reduction of systematic uncertainties

⇐ A.F.Żarnecki Electroweak results from HERA ⇒ – p.5/17



Deep Inelastic e±p Scattering

Main process studied at H1 and ZEUS

NC DIS Q
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Deep Inelastic e±p Scattering

High- Q2 NC & CC DIS

NC & CC comparable in size for

Q2 ∼ M2
Z , M2

W

Electroweak “unification”

Precise HERA data in excellent
agreement with Standard Model
predictions over many orders of
magnitude.

⇒ test ground for SM and QCD
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Deep Inelastic e±p Scattering

High Q2 NC DIS cross section: neglecting radiative corrections

d2σNC(e±p)

dxdQ2
=

2πα2

xQ4

[

Y+F̃±

2 ∓ Y−xF̃±

3 − y2F̃±

L

]

where: Y± = 1 ± (1 − y)2

Generalized structure functions: Pe - lepton beam polarization
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⇐ A.F.Żarnecki Electroweak results from HERA ⇒ – p.8/17



Deep Inelastic e±p Scattering

High Q2 NC DIS cross section: neglecting radiative corrections

d2σNC(e±p)

dxdQ2
=

2πα2

xQ4

[

Y+F̃±

2 ∓ Y−xF̃±

3 − y2F̃±

L

]

where: Y± = 1 ± (1 − y)2

Generalized structure functions: Pe - lepton beam polarization

F̃2
±

= F γ
2 − (ve ± Peae)χZ F γZ

2 + (v2
e + a2

e ± 2Peveae)χ
2
Z FZ

2

xF̃3
±

= − (ae ± Peve)χZ xF γZ
3 + (2veae ± Pe(v

2
e + a2

e))χ
2
Z xFZ

3

χZ =
1

sin2 2θW

„

Q2

M2
Z + Q2

«

⇒ Polarization asymmetry sensitive to F γZ
2
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Deep Inelastic e±p Scattering

High Q2 NC DIS cross section: neglecting radiative corrections
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Deep Inelastic e±p Scattering

Polarization asymmetries
Direct measurement of parity violation due to γ − Z interference
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Deep Inelastic e±p Scattering

Charge asymmetry

Measurement of xF γZ
3 from

combined e+p and e−p data.
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Deep Inelastic e±p Scattering

Charge asymmetry

Measurement of xF γZ
3 from

combined e+p and e−p data.

Assuming SM couplings:
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Deep Inelastic e±p Scattering

Charge asymmetry

Measurement of xF γZ
3 from

combined e+p and e−p data.
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Deep Inelastic e±p Scattering

CC DIS Cross section

Polarization dependence:

d2σe±p

dxdQ2
= (1 ± Pe)
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Deep Inelastic e±p Scattering

Combined QCD and Electroweak analysis
High precision of NC and CC DIS measurements for polarized e−p and e+p allow
for simultaneous determination of PDFs and electroweak parameters:
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Deep Inelastic e±p Scattering

Contact Interactions
HERA data in perfect agreement
with SM predictions
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Deep Inelastic e±p Scattering

Contact Interactions
HERA data in perfect agreement
with SM predictions
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Deep Inelastic e±p Scattering

Contact Interactions
HERA data in perfect agreement
with SM predictions
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Deep Inelastic e±p Scattering

Contact Interactions
HERA data in perfect agreement
with SM predictions
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H1 limits on compositeness scale
in general CI model:

Λ > 3.6 - 7.2 TeV (95% C.L.)
depending on the chiral structure

Leptoquark limits:
MLQ/λ > 0.41 - 1.86 TeV

Large Extra Dimensions:
MS > 0.9 TeV

Quark radius:
Rq <0.65 · 10−18 m

Phys.Lett. B705 (2011) 52-58
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Electroweak cross sections

W± production

e

e

q

q’

l

ν

γ,Z

W

Signatures of single W boson production:

quark jet

isolated lepton ⇒ large transverse momentum pl
T

neutrino ⇒ large missing transverse momentum pT

Cross section measurement accessible only with the full HERA high energy data.

Combined H1 and ZEUS samples:

81 events observed, 87.8±11.0 events expected.
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Inclusive single W production cross section (H1+ZEUS combined, 0.98 fb−1):

σW = 1.06 ± 0.16(stat.) ± 0.07(sys.) pb

In agreement with the SM prediction: JHEP 3 (2010) 1-19

σSM
W = 1.26 ± 0.19 pb
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Electroweak cross sections

Z◦ production

_

XY View ZR View

Zeus Run 60538 Event 164297 date:    3-09-2006   time: 12:24:21Z
eV

is

Mjj = 91.7 GeV

Expected SM cross section ∼ 0.4 pb
⇒ only hadronic decays accessible (leptonic BR too small)
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Electroweak cross sections

Z◦ production
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2542 events

Hadronic Z◦ decays
⇒ very large QCD multi-jet background
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Electroweak cross sections

Z◦ production

_

  (GeV)jetsM
40 60 80 100 120 140

E
ve

nt
s

0

2

4

6

8

10 -1ZEUS 496 pb

 signal + b.g. )0Fit ( Z

Fit ( b.g. ) +7.0 = 15.0obsN
6.4

ZEUS

Better S/B ratio for elastic events, selected with a requirement ηmax < 3.0
ηmax - pseudorapidity of the most forward energy deposit in the calorimeter

σ(ep → ep(∗)Z◦) = 0.13 ± 0.06(stat.) ± 0.01(syst.) pb

σSM = 0.16 pb
Phys. Lett. B 718 (2013) 915-921
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Electroweak cross sections
Single top production
SM cross section below 1 fb−1

FCNC couplings can induce single-top production in several BSM extensions

Signatures of t → b l ν:

isolated lepton with large transverse momentum pl
T

neutrino ⇒ large missing transverse momentum pT

b-jet ⇒ large hadron transverse momentum phad
T

required to suppress W production background
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Electroweak cross sections
Single top production
SM cross section below 1 fb−1

FCNC couplings can induce single-top production in several BSM extensions

No excess observed

σ < 0.13 pb (95% C.L.)
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Electroweak cross sections
Single top production
SM cross section below 1 fb−1

FCNC couplings can induce single-top production in several BSM extensions

No excess observed

σ < 0.13 pb (95% C.L.)

Resulting constraints on the anomalous top BRs
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Phys. Lett. B 708 (2012) 27-36
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Conclusions

HERA
High luminosity + polarization ⇒ unique window for precise EW studies

H1 and ZEUS are finalizing analysis of data collected in 1994-2007
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Conclusions

HERA
High luminosity + polarization ⇒ unique window for precise EW studies

H1 and ZEUS are finalizing analysis of data collected in 1994-2007

NC and CC DIS at high Q2 in very good agreement with SM
Including polarization and charge asymmetries

EW parameters can be constrained from HERA data only
No deviations from Standard Model predictions

Cross sections for W and Z production consistent with expectations
No anomalous single top production observed
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