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Introduction

- The Electron-Proton Collider - HERA:

HERA

Electron Proton
98-99 27.58 GeV 920 QeV

§ p;:*i .

94-97

Fhysics Luminosity 19894 — 2000

H50

Luminosity /pb™’

H1 ZEUS

35.6 47.7
15.3 16.0

Integrated Luminosity (pb™)

W
[=]

10F

200 400 B0
Days of running

Plus 30pb-1etp at 920GeV so far.
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Deep Inelastic Scattering

Deep Inelastic Scattering Processes:

Neutral Current Scattered lepton

e e
Photon/Z exchange\//

vz

e‘p: All flavours q

contribute oq/
p

Charged Current

) j}wisible‘ —>Missing P

-~ >

Qz: W  Wexchange

—o”

¥

vl e*p:d, s and u, ¢

ep:u,c and d, s




Deep Inelastic Scattering

The HERA Kinematic Plane
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* High Q2, high x DIS possible with
94-97 data.

* Now also with ep.
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Introduction

Hl Ilhs 1u146 LUven: GUELCE ale 19709518998

|t;F = BE0O0 GeVE, y=0.%8, A =311 E:"Fl

E.""J'r'

NC o T

Liquid Argon Calorimeter

EM section 0(E)/E =12% /JE ® 1%
Syst.Unc. :1-3%

HAD section o(E)/E = SQ%IE @ 1%
Syst.Unc. :3-4%



Introduction

o’ = 21000 GeV

CC

ET4 PHI LCAL tronsvarse anargy

Uranium-Scintillator Calorimeter

EM section O(E)/E = 18%1’@
Syst.Unc. :1-2%

HAD section 0(E)/E =35%/+E
Syst.Unc. :3%



Neutral Current DIS

., - Proton provides
124 Q2 beam of quarks:
Y .
xP
x - Momentum fraction
P ! of struck quark
p y=0"1sx

d*o, (e p] 2re’ [

o F@(Ig}ﬂ.u@} J.(IQ}]
v, —1+(1—y)/ |

Contain PDF s and EW

'. yEFL is small.
parameters Mz,sin0,, ,....

|
Y

xF, <"’ —0°"

Reduced cross
section:

Y1 do,.
& (x. 2y _ xQ NC
e (1:07) 2’ Y, dxdQ’

= F"™(x,0)(1+ AF, + AF, + AF,)

yz_j exchange.




Neutral Current DIS etp
ZEUS positron data:

ZEUS NC 1994 - 97

¢ ZEUS 94-97 e'p NC
— SM with CTEQ4D
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* Agreement over 6 orders of magnitude.



Neutral Current DIS

ZEUS positron data:

ZEUS NC 1994 - 97

i‘- 10 a) Q*>400 GeV*
S 103 « ZEUS 94-97
'E , ep NC 1.2

1071 — SM with t

10 CTEQ4D 09

1 PDF 0.8
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» High Q? dominated by valence quarks

* Small errors allow pdf determination.



Neutral Current DIS

NC

Q
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® [l ¢ ppreliminary
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« H1 QCD f{it to e* data.

* Gives good description of e'p data



Neutral Current DIS

H1 + ZEUS NC DATA

® ZEUS PRELIMINARY NC e p 958199 DATA
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Enhancement of ep over e*p



Neutral Current DIS
- Effect of Z exchange:
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Charged Current DIS

W
docc 2 My
q a2 | H o2

Leading order cross section:-

.ff i
ep T i@ +-yd+9)
dxdQ~ /.
Sensitive to Valence d probed.
quark mmmm)> d/u ratio
flavours.
u unsuppressed
1°C e o
ep zh‘jé(z - ’1'[(54 +c)+(1—=y) (d+ E}]

And the reduced cross section:-
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Charged Current DIS

T ZEUS Preliminary 1998-99
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Small pdf error: u well measured, c.f. d
in e+p CC.



Charged Current DIS

do/dx (ph)

do/dx / do/dx(CTEQ4D)
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More d at high x.



Charged Current DIS
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Charged Current DIS

ZEUS CC 1994-97
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Fix G,;: Fit just the shape for My, =

Direct My, measurement in SPACE-LIKE region
Zeus: M, =81.4"](stat.) +2.0(syst.)’;. (PDF) GeV.
Hl:M,, =80.9+3.3(stat.) £ 1.7(syst.) £ 3.7(theo.) GeV.

August-99 world average: M, = 80.376 £ 0.039 GeV




Charged Current DIS

1.1

Normalisation:
xsec at Q*=0
1.05 | _ | 1 6 confour
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Use G, = e z ZEUS

N2 M (ML - M3 )1—Ar(My)
M,, =80.50" 2 (stat) " 1: (syst.) £ 0.3 PDF), " (AM,, AM,,, AM,, ) GeV
August-99 world average: M, = 80.376 £ 0.039 GeV
N.B. Not a measurement: EW
consistency check.




Charged Current DIS
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Strong enhancement of e'p vs e*p

e*p: d quark contribution suppressed
by (1-y)2

ep: valence u, no suppression.



Summary

Neutral Current at High 0 Summary

* Wealth of data has allowed do/dQ?*(e*P) to

be extracted over 6 orders of magnitude

* Good agreement between measured cross
sections and Standard Model is observed up

to Q2 = 20, 000 to 30,000 GeV2

* First measurements of dc/dQ?*(e P) and

do/dxdQ*(e P) at high Q>
— Good agreement with Standard Model
— doldQ*(e P) > doldQ*(e*P) at high Q>

— Effect of YZ interference observed



Summary

Charged Current at High 02 Summary

* do/dQ?*(e*P) extracted over 4 orders of

magnitude

* Good agreement between measured cross
sections and Standard Model is observed up
to 0% = 30,000 GeV?

* Time-like determination of M, consistent

with direct measurement of M, Y

* SM consistency test performed.

 First measurements of e P cross sections at
high 0?%: good agreement with Standard
Model observed

* do/dxd(Q?(e*"-P) measured at high Q2:

sensitive to d/u-quark densities



Outlook

 20pb’! more ep data.
* X, from NC
* QCD fits, d/u ratio.
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HERA: The Next Millennium

HERA upgrade

High Luminosity and Polarisation:
170pb-!/year per experiment.
— Through NC:

Study connection between helicity
structure of SM and parity violation in
NC

Light quark couplings to Z
— Through CC:

Study of origin of parity violation in the
weak charged current

Reduced error on M _ measurement.

Exciting future for high-Q? physics at

HERA.
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