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The HERA Experiments

Electron Proton Collisions:

> E, =920 GeV, E. = 27.5 GeV
» Experiments H1 & ZEUS

Luminosity per experiment

» HERA I
» ~20pb~! e p data
» ~ 100pb~! e*p data
» after upgrade HERA II:
longitudinal polarisation!
» ~ 150pb~! e~ p data
» ~50pb~! etp data
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The HERA Experiments

Electron Proton Collisions:

> E, =920 GeV, E. = 27.5 GeV
» Experiments H1 & ZEUS

Status: 1-July-2007
W———— 7 — T
575 GeV A
460 GeV 4

|” —— electrons ep
I — positrons
L — lwe €D

300 - HERA-2
2003-2007

Luminosity per experiment an

» HERA I
» ~20pb~! e p data
» ~ 100pb~! e*p data i
» after upgrade HERA II: %
longitudinal polarisation!
» ~ 150pb~! e~ p data
» ~50pb~! etp data

H1 Integrated Luminosity / pb"*

100 -

Days of running
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Summary
Deep Inelastic Scattering
Neutral Current 8
> scattered electron e Q e’

2 : »
» low Q?: photon exchange \k}
» high Q?: also Z° exchange and /"'12
7% interference

g (%)

’
Charged Current ﬁ

P

» neutrino = missing E1
» W exchange

> high @2: Electroweak Unification
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Disentangling Proton Structure and Electroweak Effects

2
d2oNC B 2 / d*cC 2 !
dxd@z ™ |@ + Q—2+M§| x pdf's axd@z ™ GE( M5V+Q2) x pdf’s
. N2 2 . HERA
bulk of data: Q* << MZ/W. < et
g 10 A H1epNC J
. 2 o ZEUS e*p NC 99-00
» hard scattering = QED T oL o ZEUS ¢ NC 9899
B - SM ejp NC (CTEQ6D)
» = determine pdf’s 10 o SMepne(eTEeD)

at high Q?: ‘“:

10

» QED — electroweak 0
» => sensitivity to electroweak 10
parameters 107

+ H1e'p CC 94-00

4+ HlepCC

= ZEUS e’p CC 99-00

* ZEUS e'p CC 98-99
-~ SMe'p CC (CTEQSD)
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HERA | results: H1 combined QCD & EW fit

x 10

~0.125 :

» first combined fit of QCD & EW 3 [ H1 o, o0F
parameters at HERA © " My POF (G=G;)
» = understand correlations o}

» uses all HERA | data

Charged Current Propagator Mass 011

> Is it reaIIy Wi—exchange? * World Average

> fit Mprop, CC coupling G and pdf's ™ T * *

M., (GeV)
» G = G fixed to PDG value
= Mprop = 82.8741.820,, 7339 01 GeV
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. ) 52 L L B B B B
H1 combined QCD & EW fit cont'd 1 St escurachon ]
— cDF
H H o5 68% CL ]
79 axial and vector couplings
to up and down quark °F K 1
<05 B
» Standard Model:
> au/d = I3/d -1 * Standard Model H1
> Vu/d — I3/d _ 2eu/d sinz ew 14 05 0 0.5 1 a,
> Fit dy, Vu, ad, Vd and pdf,S = 7l:‘|H1(vu-a‘u-vd-ad-Pl‘)F) Y 1
» superior sensitivity to a,, v, due to e

Z%~ interference osf NN ]
» correlations illustrated by fixing ok ol

either up- or down-quark couplings
i 050 B

» HERA Il: expect improvement due to
polarisation! T+ Standard Model H1
B R T R T S
ay
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HERA |l data sets

per experiment roughly

300

n
a
=]

Integrated Luminosity (pb")
g £

HERA delivered

> e : 20 pbl, P =-40%

> ep: 15pb7l P =+ 32%

> e 70 pb~l P =-27%

g AOpbl P33y T w ow oo
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Testing the chiral structure of the weak interaction

Charged Current ep Scattering (HERA II)

100—— T AL A B

¢ (Pb)

90| ep ->vX

Hﬂ; © H1 (prel.) E
o ° H1 b

70 A ZEUS (prel.) -

> weak interaction: only ;" (eE) g + oeus
> 05 P(P) = (1% P)-occ(P = 0)
» good agreement with SM

Charged Current:

sop —— SM (MRST)

E ep—-vX ]
50 r =
E*H 4} E
a0 A ZEUS 4
F — SM(MRsT)

30

20|

0 Q? > 400 GeV*
y<09

T
- 0.5 0 0.5 1

extrapolation to P+ = —1:

> o198 = —1.0 £ 1.8a; & L1ys pb
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Polarised differential cross—sections
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Single W* Production

Signature:

» isolated electron or muon

> missing transverse
momentum

Backgrounds:

» NC with fake missing ET

» CC with jet misidentified as
lepton

» lepton pairs with one lepton
lost in beam pipe

:
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Single W* Production cont'd

ZEUS
» etp99/00 + 03/04: 106 pb~!
» isol. electrons, all PX: 2 /3 +0.39
> no excess at high P¥
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Single W¥ Production cont'd

ZEUS
» e"p 99/00 + 03/04: 106 pb~1
» isol. electrons, all P¥: 2 /3 +0.39

> no excess at high P¥

H1
> etp 1994 — 2005: 279 pb~1
> isol. e / i, all P¥: 40 / 343438

» PX > 25 GeV:
» all data: 17 / 9.0+ 1.5

J. List

Events

1+PT'ss events at HERA 1994-2005 ('p, 279 pb")

10°

10"

@ Hi Data (prelim.) Np,,=40
== AlISM N, =34.3+4.8|
[ signal

0 1020 30 40 50 60 70 80
P¥ (GeV) e andp channels
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Summary

HERA | + 11
|

HERA | results

HERA
:
. :l: . , 1+P]'s events at HERA 1994-2005 ('p, 279 pb")
(7]
Single W™= Production cont'd I .

10° — 343+

[} E= AlISM N, =34.3+4.8|
IE [ signal

ZEUS

» etp 99/00 + 03/04: 106 pb~?

» isol. electrons, all P)T<.

:2/3+0.39

> no excess at high P

H1

> e®p 1994 — 2005: 279 pb~!
» isol. e / p, all P¥: 40 / 3434+ 4.8

>

PX > 25 GeV:
» all data: 17 /9.0 £ 1.5

» agreement for e p: 2 / 44£0.7

J. List

10

el
1076965630~ 40 50 60 70 80
P¥ (GeV) e andp channels

I+P'“i“ events at HERA 1998-2005 (e'p, 121 pb"}

[ ) H1 Data (prelim.) Npgi,= 12
= a Ng, =15.8+2.2
a Slgnal

10"
10 20 30 40 50 60 70 80

0
P¥ (GeV) e andp channels
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Single W* Production cont'd

ZEUS
» e"p 99/00 + 03/04: 106 pb~1
> isol. electrons, all P¥: 2 /3 +0.39
> no excess at high P)T<

H1
> e®p 1994 — 2005: 279 pb~!
» isol. e / p, all P¥: 40 / 3434+ 4.8

» PX > 25 GeV:
» all data: 17 /9.0 £ 1.5

» agreement for e p: 2 / 44 +0.7

» excess in etp: 15 / 4.6 +0.8

1+PT's* events at HERA 1994-2005 ('p, 279 pb")

@ HiData (prelim.) Np,,=40
0L = R P ez ag

[ signal

Events

10
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el
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I+P'“i“ events at HERA 1994-2004 (e'p, 158 pb")

[ ) H1 Data (prelim.) Np,,= 28
= Al N, =18.5+2.6
£
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Summary & Outlook

Summary

» first combined QCD & EW fit to HERA | data
» polarised cross—sections from HERA I
» single W™ production still high at H1

Outlook

» all electroweak measurements will profit from

> higher luminosity, esp. much more e~ p data
» electron / positron polarisation

» = new results to come in the next years — stay tuned!
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