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Overview

HERA : unique e-pcollider� � studyDeepInelasticScattering(DIS)

(27.6GeV) e
� ��� � � 	 �

p (820GeV)
In 1998protonenergy : 820GeV 920GeV

�
� � increasedfrom 300GeVto 320GeV

H1 andZEUShavedatacovering1994to spring2000.
Eachexperimenthasrecordedabout100pb��
 of data

(80 pb� �
e
�

-p and20 pb� �
e� -p)

This talk : High Q� domain( � 1000GeV� )
� InclusiveCross-sections

– NeutralCurrent(NC)

– ChargedCurrent(CC)

– Attemptsto interpretedeviationswrt StandardModel� W production

– High P� isolatedleptons
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e - p DIS Kinematics

e±

p

q

q (q’)

γ,Z (W)

e± _
(ν)

(k) (k’)

(P)

(pq = xP)

(Q2  = - (       )2)k-k’

protonremnant

Variables:� �
= SquaredFourMomentumTransfer� �
= Fractionalpartonmomentum� �
= Inelasticity� �
= SquaredC.M. Energy� �
= SquaredLepton-partoninvariantmass� � � ��� � �
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PhysicsMotivations

� Probetheprotondown to d � 1/Q � 10��
 � m� Probephysicsin a region where electromagnetic( ! ) and
weak (W,Z) interactionsareof comparablestrength���
Test the Standard Model with our highest Q � data���
Study eventual deviations from the SM at high Q �
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Investigated
Domain �

Most of kinematically accessible plane now covered
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TheData

Availabledatasets� 1994- 1997 : e" -p (820GeV) 37pb��
 48pb��
� 1998- 05/1999 : e� -p ( 920GeV) 18pb��
 16pb��
� 07/99- 05/2000 : e" -p ( 920GeV) � 50pb��
 � 50pb��

(continueto 09/2000)

High int. luminosities
�

statistics in high Q � domain

�
� study both e " -p and e � -p interactions for 1st time
INTEGRATED   LUMINOSITY (29.05.00)

e "# � � �

e �# � $ $ $ $ $ $ $ $&%
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NC EventSignature� Chargedtrackwith EM energy associatedto it� Hadronicenergy (jet)

e" ��� 	 �
p

Jet '

e" (

p remnant )

LAr calorimeter
(45000cells)*

Main EventSelectionCriterion:

Electromagneticenergy in LAr Calorimeter

Overconstrainedkinematics
���

gooddeterminationof e and
jet parameters(angle,energy deposition)
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+ , -.+ �
NC : /10 -p vs /32 -p data

H1 + ZEUS NC DATA
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ZEUS PRELIMINARY NC e
7 - p 98/99 DATA

H1 PRELIMINARY NC e
8 - p (y <9  0.9) 98/99 DATA

ZEUS 94-97 NC e
7 + p DATA

H1 94-97 NC e+ p (y < 0.9) DATA

STANDARD MODEL e
: + √

;
s=300 GeV<

STANDARD MODEL e
: - √

;
s=300 GeV<STANDARD MODEL e

: - √
;

s=320 GeV<

� HERA data: agreewith pQCDonwideQ� range� d= /dQ� dropsby � 7 ordersof magn.over2 ordersin Q�� = (e� -p) > = (e" -p) at Q� � 5000 GeV� , due to ? !A@CB
interferencein e� -p ( D in e" -p)
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NC
+ , -.+ �

Comparedto StandardModel
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NC e0 p ande2 p
+ , -H+ I

Define reducedNC crosssection:JK1L M � � N O�QPSRUTWV�X Y T =[Z \
Y^]_Y N T`badc e X f ehg ikjml
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Q2 = 3000 GeV2

Q2 = 5000 GeV2 Q2 = 8000 GeV2

Q2 = 12000 GeV2 Q2 = 20000 GeV2

x
Q2 = 30000 GeV2

x

ZEUS NC 1998−99

PRELIMINARY e −p DATA
CTEQ4D NLO
MRST (99)

���
Extract ]_oqp �
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Extractionof
I r s

from t, u /10 v w and t, u /d2 v w
Reminder:xzy {W|~}���m�m�xz��x�� y � ���W� y����������� � � ���_��� ��� � ��� �h ����_��� �¡� ¢ �¤£ �¥�§¦C���_��� ��� �

with �§¨ � ©«ª � © � ���z�¬ signof ­¯®±° termdependson leptoncharge¬ iCl ®�² contributionnegligible athigh ³ l

Datasetsusedhere( Analysis):

¬ ´ a
(1996- 1997) e

a
-p (820GeV) 30pbµk¶¬ ´ µ (1998- 1999) eµ -p ( 920GeV) 16pbµk¶

Different ·¹¸ (protonbeamenergies)
c»º

need̀
«¼¾½¿

´ a c lÁÀzÂ�ÃÄÆÅQÇ È f `ÊÉ lÁËa È ® l g `ÊÉ lÁËµ È ÌÎÍ ¦ j
´ µ c lÏÀzÂ ÃÄÆÅ Ç È f `HÐÁlÏËa È ® l X `HÐÁlÏËµ È Ì±Í ¦ j

�¤Ñ Usingreducedcrosssections ÒÓ , extract �¥� ¦ :

�ÕÔ Ö � × V Ø TÚÙgV Ø TÚÙX Û V Ü T�ÙgV Ü T�ÙX Ý � � Þ × �V Ü T�ÙX Þ tK � ß �V Ø T�ÙX Þ tK � Ý
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NC e0 p ande2 p
I r s

at fixedQ
�

ZEUS NC 1996−99
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QCDfit of fixedtargetandHERA data

BCDMS (x 0.98)
á

NMC
â

H1  e
ã −p preliminaryä
H1  e
ã +päH1 e+p QCD Fitä

Q2 /GeV2

σ∼
N

Cå
x=0.08 (x9000)æ
x=0.13 (x3000)æ
x=0.18 (x800)æ
x=0.25 (x100)

x=0.40 (x10)æ
x=0.65 (x4)æ
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pQCDis testedover � 4 ordersof magnitudein Q�
� in e" dataat high Q� , excessat ] � 0.4 mainly due to

eventsin 94-96(e" ) datasample� wait for morestatistics!
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BSM : ContactInteractions
� High Q� domain: the place to look for New Physics,Be-

yondtheStandardModel (BSM)� Processeswith characteristicenergy scaleí î î ï : pa-
rameterizedas ContactInteractionsCI

X

e

q

e

q

X

e e

q q

⇒
Λ2 > > S

e

q

e

q

ηð

4-Fermion( ñòñkó»ó ) CI with effectivecoupling ô�õöø÷.ù ú õöø÷üûþýÿ��
(Only vectortermsconsidered; scalarandtensortermsbeyondsensitivity of HERA)� � � ��� � � �
	

with� � � � 
 � ó����� � ����� � ��� � � � � � � ���
ú õöø÷«ù � 1 (allowspositiveor negativeinterference)��� � ù ! �#"

; ó ù $ �#%
& � � &('

+ Interferenceù*) CI affect
%,+.-/%,0 '

and
%1+2-�%43

ù*) Look for distorsionsof Q
'

spectrum

ù*) Fit to
%,+.-/%,0 '

yields limits on 5
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Limits for CompositenessModels

H1 preliminary
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0.3
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:
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H1 e+p &  e−p data

ε; /< Λ2  (TeV -2)
=

ε;  Λ  (TeV)

Λ
> - (TeV) Λ

> + (TeV)

LR+RL 1.9 4.8

LL+RR 2.1 4.8

VA 3.1 3.1
AA 3.8 3.9

VV 3.1 6.4

RR 1.5 3.5

RL 1.7 3.5

LR 1.6 3.5
LL 1.5 3.6

? show 5 valuesfor bestfit

? H1 limits from combinede@BA andeCDA data? Similar resultsfrom ZEUS(e@ A ) (othermodelsalsoinvestigated)? LEP(ALEPH) limits oftenmorestringent(strongerhypotheses)
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Statusof HERA Searchesfor EGF Resonances

94-97 ñ @ A data H1 andZEUSanalysespublished
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(e.g.herefor scalarLQ)L Slightexcessaround200GeV
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to 94-96events
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L Generalsearchfor XZY resonanceL slightexcessathigh [ \^]
andlow QL Not statisticallycompelling

98-99 ñ C A data
ZEUSandH1 ) Preliminaryresultsù*) ñ C A datashow nodeviation from SM prediction
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Leptoquarks: Summaryof CurrentLimits

LQ

LQ
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λ
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pp ep ee

Pair prod

σ = f ( M LQ )

Single prod

(Resonant)

σ = f ( M LQ, λ )

affects

σ (ee → had.)

f ( M LQ, λ )
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EXCLUDED

LEP indir. limits

H1 indir. limits

H1 direct limits
D∅

Complementarityof HERA datawith LEPandTeVatron

BR_^` = 50%
BRab` = 50%
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ChargedCurrentInteractions(CC)

e+

d u

W

_
ν

.

e-

u d

W

ν

.

e@ p ced f X

%Bgh+%43e%10 g � i gjkml � n go
n go p 0 g � k � q � r � �hs t u � k � v � w �m�

eC p ced f X

% g +%43e%10 g � i gjkml � n go
n go p 0 g � k � q � r � �hs t u � k � v � w �m�

Focuson :L ex p andey p CCcrosssectionsL Propagatormassz|{ determine[ }L Quark- antiquarkcomposition
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CCeventSelection

Signature : Missing ~�� ( f ) + Hadronic energy (jet)

e@ ced

Main EventSelectionCriteria? MissingP� : �~ ��� �~ ��� ö��
? Also vertex, timing, ...

Reconstructionlargelybasedon hadroniccalorimeterdata? ��� c A
��� ����� andP�D� ����� ù�) 0 ' ��3����
? Goodunderstandingof hadronicenergy scaleis essential

ObservegoodagreementMC � ) Data
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� � ��� �
CC: E�� -p vs E�� -p data

H1 + ZEUS CC DATA
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CC
� � �G� �

Comparedto StandardModel
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ElectroweakUnification

CompareNC andCC crosssectionsfor e@ -p andeC -p
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For largeQ° NC andCCcrosssectionsof similarsize
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Testof EW Theoryfrom CC ² ³ ´G² µ
CC ¶h·¹¸�¶»º½¼ crosssectioncontainspropagatorterm:¾,¿¾,À Á Â Ã ÄÅ Æ Ç ÁÈ

Ç ÁÈ É À Á Ê Ä
Ë|Ì Fit to Q¼ dependenceof CC ¶h·Í¸�¶mº ¼ givesM Î

0.9

0.95

1

1.05

1.1

74 76 78 80 82 84 GeV

H1

SM

ZEUS

combined

Mprop

stat. errors only

σ0  / 
σ0 (S

M
)

For fixedGÏ (PDGvalue):

Ð ÑÓÒÕÔ�Ñ Ë Ö×Ø ×Ù
Ú�ÛhÜÞÝ*ß àhÜÞàháÕâäã�åhãçæ4ß è�Üêé#áÕâ�ëìâäãçæ�ß àhÜêé#áîí ¶�ï æ H1Úhè�Üîð�ñ ¼�òôóõ ¼�ò÷ö áÕâäã�åhãçæ4ß Á ÜÞÛháÕâ�ëìâäãçæbñùø ò øõ ø òûú áîí ¶�ï æ ZEUS

ü ý Goodagreementof indirect determination(W space-like) with world
averagefrom directdeterminations(W time-like)

Ì Importanttestof theuniversalityof theSM !
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CCeþ p andeÿ p ² ³ ´�² �
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  NLO QCD fit [Botje
�

]

  PDF uncertainty

  Yang-Bodek

  MRST� ����� data

Partondensitiesnotwell constrainedpresentlyathigh �
With e� p ande� � data ��� get � ,

¾
PDFsathigh �
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PartonDensitiesatHigh �
Definereducedcrosssection:

���� � �  Ä"!# Á$ Æ Ç ÁÈ É À Á
Ç ÁÈ Ê Ä ¾ Á ¿¾ � ¾,À Á

��&% � Æ(' É*) Ê + , % � + Æ.- / Æ.- 0 1 Ê Ä Ê32 ' Ä4  65 4�� � � Æ(' É ) Ê + , � � +  78 / Æ.- 0 1 Ê Ä  69
:<; Extractu andd quarkdensities
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W ProductionandIsolatedLeptons

In theCCprocessesthereis virtual W production.

At HERA, Wscanalsobeproduceddirectly, mainlyby :

K L M
N O

PN

Q

R
S
N O
Q ¿UT �V� W �YX Z\[ ]J^ _ pb(SM atLO)

With current̀ , expectonly few
eventsin semileptonicdecaymode

� Look for eventswith :
High acb isolatedlepton,missingadb

e W Cuts:
� fa b (calo) g 25GeV
� TrackPb g 10GeV
� Thetrackis requiredto beisolated
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H1
m

D n Òporqts : distanceto closesttrackin ( u*v w )

Dxzy n : distanceto closesthadronjet in ( u*v w )

e W Cuts:
D {t|~}�����g 0.5andD���r{dg 1

94- 97data
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IsolatedLeptons� � � � � � �
EventMUON-2� �� � � � GeV� � �� � � � GeV� � � � � �� � � � GeV

H1

� �

��

E[GeV]

For thisexample:

fa b = 43.2� �(¡£¢�¥¤ ¡ ¤ GeV¦ §
= 23.4̈ 4.2 ©

M ª.«b = 22.8�¬�­¡ ¤�¯® ¡ ° GeV

¦ § °°°°° ±±±±±

dataset H1 ZEUS

94-97 � �
6 ² É a b´³¶µd·¹¸º¸ É [ evts

(5 � , 1 � )
3 � show abnormallylarge

a b�³¼» }�½ comparedto SM
backgrounds( X , ¾¿¾ )

3 � evts
compatiblewith SM

98-99 � � 0 evt observed
2 � evts

compatiblewith SM
For spring2000conferences,updatesusing99-00 ���À� data
(18pb� ¢ / 25pb� ¢ for ZEUS/H1) Á W
H1 : Extended(phasespace)analysis+ enhancedbackground rejection
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’2000’ UpdateonW & IsolatedLeptons
H1 : 3 new evtsobserved(1 � , 2 � ), all at large a b´³Â» }Ã½ :
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Summary

H1 andZEUShave accumulatedü 100pbý ò since
1994, thanks to the very good performanceof
HERA andthedetectorsin thelast2 years.

þ Overall goodagreementwith StandardModelÿ NC andCCcrosssectionsup to highestQÞ
ÿ ��� öÿ M � from CCÿ u(� ) & d(� ) athigh � (needhigher � )

þ Searchesfor New Physicsÿ nosignsof it
þ Needmorestudyofÿ NC DIS athighestQÞ and �ÿ Isolatedleptons

��� TheHERA upgradeis welcome
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Outlook

þ HERAwill stopin Septemberfor � 9 monthsfor
anupgradeprogramaimingfor a5-fold increase
in luminosity

þ Both H1 and ZEUS detectorswill be signifi-
cantlymodifiedto copewith the changesto the
machinemagnetsand to upgradetheir perfor-
mance

þ With the goal of 	 1 fb 

�
, achievable till

ca 2006, as well as the availability of electron
(positron)polarization theprospectsfor getting
many exciting results in the near future look
good.
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