High Q2 resultsfrom HERA

G. Cozzika
CEA/Saclay-DAPNIA/SPP

on behalf of the

Collaborations

P1C2000

Lisbon,Portugal
June29- July 1, 2000



Overviewn

HERA : unique e-pcollider
— studyDeeplnelasticScattering DIS)

(27.6GeV) et — . o< p (820GeV)
In 1998protonenepgy : 820GeV " 920GeV

— /S increasedrom 300GeVto 320GeV

H1 andZEUShave datacovering 1994to spring2000.

Eachexperimenthasrecordedcabout100pb~! of data

(80pb~! et-pand20pb~! e -p)

Thistalk : High Q> domain(> 1000Ge\?) I

— NeutralCurrent(NC)
— ChagedCurrent(CC)

— Attemptsto interpretedeviationswrt StandardModel

— High Pr isolatedleptons
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e- p DIS Kinematics

e* e*
(k) (k')
{2
E(QZ = - (k-k')?)

protonremnant

Variables

e () = Squaredrour MomentumTransfer

o = Fractionalpartonmomentum

e y = Inelasticity

e s = SquaredC.M. Enegy

e \M? = Squared.epton-partorinvariantmass

Q° = rys = My
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PhysicsMotivations

e Probetheprotondowvnto d ~ 1/Q~ 107* m

e Probephysicsin aregion where electromagnetic¢+) and
weak (\W,Z) interactionsareof comparablestrength
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Most of kinematically accessible plane now covered
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TheData

| £

e 1994- 1997 et -p(820GeV) 37pb!  48pb!

e 1998-05/1999 : e -p(920GeV) 18pb~! 16pb!

e 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)
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NC EventSignature
e Chagedtrackwith EM enepy associatedb it

e Hadronicenenqy (jet)

Run 224588 FEvent 9004 Class: 26 Date 19/10/1998

Q**2 = 22068 Gev**2 |y = 0./74

LAr calorimete

e’ N (450(10cells)
. >
! D \Kff” 4
‘fﬁ:'_ 1] D 1

Premnant” = . cilE ,
i i

JR

Jet ‘

Main EventSelectionCriterion:

Electromagnetienegy in LAr Calorimeter

Overconstraine#inematics—- gooddeterminatiorof e and
jet parametergangle,enegy deposition)
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do/dQ? NC: eT-pvse~-pdata

H1 + ZEUS NC DATA

=
o

® ZEUS PRELIMINARY NC e ™ p 98/99 DATA
H H1 PRELIMINARY NC e "p (y<0.9) 98/99 DATA

__ STANDARD MODEL e Vs=320 GeV

77777777 STANDARD MODEL e ¥$=300 GeV

do/dQ? pb/GeV
'—\
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10
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10 -4 [ H194-97 NC & p (y<0.9) DATA I

"""""""""" STANDARD MODEL e” v§=300 GeV - +I"\

10

10

10 | L1 ‘ | L1 ‘
10 10

Q’ GeV*

o« HERA data: agreewith pQCDonwide Q? range
e do/dQ’ dropsby ~ 7 ordersof magn.over 2 ordersin Q?

e o(e-p) > o(e™-p) at ¥ > 5000GeV?, dueto & ~/Z
interferencan e -p (& in ef-p)
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NC do /dQ? Comparedo Standardviodel
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NC eTpande pdo/dx

Define reduced\C crosssection:

Ob

05

_ B Q4 dQONC
ONC = 9002y, dzdQ?

ZEUS NC 1998-99

) — CTEQ4D NLO
e PRELIMINARY e p DATA .- MRST (99)
- Q% =2000 GeV - Q*=3000 GeV

- Q% =5000 GeV

- Q% =18000 GeV

L L | I I I L ‘
- Q%=12000 GeV

- Q%=20000 GeV

- Q%=30000 GeV

— Extractz F3 —
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Extractionof x F3 from & (e p) andé (e~ p)

Reminder.

d2eN o
dwfés" = 2 (Yy By (2, Q%) — y*Fi(z, Q%) T Y-

with Y2 =1 £ (1 — y)?
¢ signof z 5 termdepend®n leptonchage

e yF}, contritution negligible at high ()

Datasetsusedhere( E Analysis):

o ot (1996-1997) e* -p (820GeV) 30pb!
o~ (1998-1999) e -p (920GeV) 16pb!

DifferentE, (protonbeamenepies)— needy,”

0_—|- 2;5 (Y&ZO F YSZO )

o~ — 2;54 (Y920 F _|_Y920 )

y 820 y 920 ] ( ~ 1

= (vew + vow)
Y?P Yy
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NCetpande p «Fj3 atfixedQ?
ZEUS NC 1996-99
<04 - Q°=3000GeV | Q°=5000GeV

o - [ O
| Lo | Lo | Lo | Lo
I ! L ! “““‘W ! rer ! “““‘7
04  Q°=8000GeV | Q%=12000GeV |
2 r j\%\ \}\L
O | — ) r
] T R i
L | | | . ‘H‘ | | | - ‘H,
04  Q*30000GeV | 1071 1
f f X
; ' o PRELIMINARY
02 ’ NC DATA (1996-99)
i © — CTEQ4D NLO
o LN MRST (99)
- B ] FL Contribution x 10
107" 1
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QCDfit of fixedtalgetandHERA data

Do = BCDMS (x 0.98) o NMC e H1 ep preliminary
104; —— H1€epQCDFit o H1l €p
F [
X=0.08 (xQ000) —— et geeertiati i i
i :
103, x=0.13 (x3000) s =
- x=0.18 (x800) ammnin
102
- x=0.25 (x100)
10 - e~ data
x=0.40 (x10)
1L et data
_1: x=0.65 (x4)
10 -
z 23
_27
10 E | \\\HH‘ | \\\HH‘ | \\\HH‘ | \\\HH‘ | \\\HH‘
107" 1 10 10° 10° 10

e in e" dataat high Q°, excessat z ~ 0.4 mainly dueto
eventsin 94-96(e*) datasample

e Walit for morestatisticd
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BSM : Contactinteractions

e High Q*> domain: the placeto look for New Physics Be-
yondthe StandardModel (BSM)

e Processewith characteristienegy scaleA >> /S : pa-
rameterizeds Contactinteraction<Cl

e e e e
e e
X
X I:I n
AN2>>S
g 9 q q q q

. . . . q L q 4
4-Fermion(eeqq) Cl with effective couplingn;; = ;7%
(Only vectortermsconsidered scalarandtensortermsbeyondsensitvity of HERA)

L=Lsm+ LT
with
Lo = Snji(eiye)(qvuq))
e/; = £ 1 (allowspositive or negativeinterference

., j=L,R ;, g=u,d

— Look for distorsionsof Q*> spectrum

— Fit to do'/dQ? yields limits on A
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Limits for Compositenesklodels

H1 preliminary

eN (TeV)
13 -15 2 35 53 2
A (TeV) Hle'p & ep data A" (TeV)

LL 15 = = . = 3.6
LR 1.6 T A 3.5
RL 1.7 C e L 35
RR 1.5 = = o« i 3.5
W 3.1 reds 6.4
AA 3.8 ey 3.9
VA 31 S 3.1
LL+RR 2.1 e i 4.8
LR+RL 1.9 % 4.8

eIN® (TeV ?)
e shawv A valuesfor bestfit
e H1 limits from combinede™p ande p data

e Similarresultsfrom ZEUS (e+p) (othermodelsalsoinvestigaed)

e LEP (ALEPH) limits oftenmorestringentstrongemypotheses)
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Statusof HERA Searche$or eq Resonances

94-97¢*p dataI H1 andZEUSanalyses

103—"\‘“‘\"“\“"\“"\““\““\““\““\“:

e | H1

: ® Hldata,y, >y,
tA

evts / bin
>
b

=9

IV [ NCDIs,y, >y,
e Optimisedangularcut

| dedicatedo " S/B
e 1 (e.g.herefor scalarLQ)

“ | e Slightexcessaround200GeV
athighy, mainly due
to 94-96events

i A e A A VAP B AR A il Tt R
75 100 125 150 175 200 225 250 275

M, (GeV)
ZEUS 1994-97
. data
— neutral current + ZEUS

Events/bin

107 “ |
B [

M, > 210GeV

e Generakearchor eq resonance
e slightexcessathigh M

10 - andlow y

: | e Not statisticallycompelling

Lo b b b b b b b by vy By
-1 -08 -06 -04 -02 0 02 04 06 08 1
cos@)

98-99¢7p data I
ZEUSandH1 = results

—> ¢~ p datashav nodeviationfrom SM prediction
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Leptoquarks Summaryof CurrentLimits

PP

ooy, LQ
S0

Pair prod
o=f(M

LQ)

ep ee
e
LQ
A
q
Single prod affects
(Resonant) o (ee - had.)
a=f(M_A) f(M_ o, A)
_ BR., =50%
H1 PRELIMINARY 98 + 99 e p S L BR., =50%
‘

‘00‘0‘0‘02020

DU

. LEP indir. limits
___ Hlindir. limits
- H1 dlrect I|m|ts

150 175 200 225 250 275 300 325 350 375 400

Mo (GeV)

Complementaritypf HERA datawith LEP andTeVatron
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ChagedCurrentinteractiongCC)

2 G%, M? -
d:gd(gg? - zﬁ(Mgvaz)Q(u +e+(1—-y)?(d+s))

-

2 G%, M3 o
d:gd(ég? - 27]5(]\4%/2/@2)2(“ +c+ (1 —y)?(d+3))

Focuson:
e e'pande p CCcrosssections
e Propagatomass—> determine\/y;

e Quark- antiquarkcomposition
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CC eventSelection

Signature : Missing Pr (v) + Hadronic energy (jet)

ETA PHI UCAL transverse energy

Main EventSelectionCriteria
e MissingPr : Pr> Proin
e Also vertex, timing, ...

Reconstructiotargely basedn hadroniccalorimeterdata
o (B —p:)y,gandPr .0 = Q* z,y
e Goodunderstandingf hadronicenegy scaleis essential
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do/dQ? CC:eT-pvse—-pdata

H1 + ZEUS CC DATA

o 1o
8 - ® ZEUS PRELIMINARY CC e p 98/99 DATA
S i B H1PRELIMINARY CCe p (y<0.9) 98/99 DATA
o -1
N 10 2 __ STANDARD MODEL e Vs=320 GeV
% T STANDARD MODEL e~ vs=300 GeV
S i
2
§o)
10 =
3
10 -
4 .
10 - O ZEUS 94-97 CC é p DATA
E [1 H194-97 CC ép (y<0.9) DATA %
[ STANDARD MODEL e Vs=300 GeV : I
5
10 =
6
10 -
7 \ \
| [ | | | |
10 3 4
10 10

Q’ GeV*
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CCdo /dQ? Comparedo StandardModel
3 L
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N
ol
T T ‘ T

=
ol
‘ T T T T

- eTpdata I
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ElectraveakUnification

CompareNC andCC crosssectiondor et-p ande™-p

ZEUS DIS Cross Sections

% - ° e+p 94-97
1 =
5 : > €p 98-99 (prelim)
o 1 E
s f CTEQ 4D
e S
[ 10 = o neutral current
S =
101
- charged current
-4 =
10 =
10 =
-6 -
10 = |
= |
10" :
E \\HH‘ ‘ HHH‘ o
4
10° s
Q (GeVZ)

For largeQ®* NC andCC crosssectionsof similar size
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Testof EW Theoryfrom CC do /dQ?

CCdo /dQ)? crosssectioncontainspropagatoterm ;
2

2 Mg 2

102 X Grly7 0 5)
W

g = Grlig o
— Fit to Q* dependencef CC do /dQ? givesMyy
1.1
CI\\
1.05 T
— &nbirﬁ
= \
<
E 1 \\ Ts.v. \
0.95 stat. errors only ZEUS |
0.9

74 76 78 80 82 84 GeV

Mprop
For fixedGr (PDGvalue):

Y, | 80.9+£ 3.3(stat) £ 1.7(syst) £ 3.7(pdf ) H1
Pror ) 81.4% % (stat) £ 2.0(syst) 33 (pdf) ZEUS

— Goodagreemenof indirectdeterminationW space-like) with world
averagefrom directdeterminationgW time-like)

= Importanttestof theuniversalityof the SM ! I
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CCeTpande™p do/dx
ZEUS CC

= 10%:
e C ® Preliminary e p Data Q2>1OOO GeV
5 L A ¢ pData @>200GeV
B —
o] —
102
: — CTEQ4De€p E, =920 GeV
10 = — CTEQ4D € p E, =820 GeV
1 =
- stal{ stat [ syst I
-1
10 \\\\\\‘_1 Lo Al
10
X
—~ b6
o 5|
< —ememe NLO QCD fit [Botje] i
o i i
||'|_J D PDF uncertainty :
O 3! i
?{ - dek A
3 Yang-Bode VA
/.
_8 2 b eeeeens MRST ,;/
+ T /./'
> e c¢"pdata %
32 L2
@)
|
0.9
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0.7 r
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X
Partondensitiesnot well constrainegresentlyat high z
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PartonDensitiesat High «

Define reduceccrosssection:

~ 27 M{%{H’QZ 2 d%c
OOC_%G%( M2, ) a2

onc(e™p) ~Pno ~ (1+(1— y)QQ)E e7
coole™p) ~ Qoo ~au+ (1 —y)

H1 €'p 94-97
x=0.25 x=0.4
S - Q
506 ; .......... ¢U - LOW Q2 Flt 506 ; __________ Qu _ LOW Q2 F|t

NC e NC NC

0.4

02 *
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Dtrack

W ProductiomandlsolatedLeptons

In the CC processethereis virtual W production.

At HERA, Ws canalsobeproducecdirectly, mainly by :
€ €
olep — eW*X) ~ 1 pb(SMatLO)
¢ With currentC, expectonly few
eventsin semileptoniacdecaymode

[
W < = Look for eventswith :
” High Pr isolatedlepton,missingPr

— Cuts:
e /r(calo)> 25GeV
e TrackPr > 10GeV

e Thetrackis requiredto beisolated

- 94-97data HI
J
i D;.qci - distanceo closestrackin (n — ¢)
2| . D;., :distanceo closesthadronjetin (7 — ¢)
1l . — Cuts:
g Divock > 0.5andD ;. > 1
0 ﬂ&‘P A R R B
0 1 2 3 D 4
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|solatedLeptons
etp - X

EventMUON-2 ‘

Pr. =28GeV, P = 67GeV, Piss = 43GeV

ut

For this example:

AD =23.4+4.2°

- M2 = 22,8507 GeV
L
H1
dataset H1 ZEUS
6 [+ Prpiss + X evis
Gu le)

3 e evts

_ +
94-97¢% | 3 shaw abnormallylarge compatiblewith SM

Pr h.a comparedo SM
backgroundgW, vv)

98-99¢~ 0 evt obsenred

2 e evts
compatiblewith SM

For spring2000conferencegpdatesising99-00¢"p data
(18pb~!/25pb~! for ZEUSH1)

H1: (phasespacernalysist enhancedbackgrourd rejection
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'2000’ Updateon W & IsolatedLeptons

H1: ,all atlarge Pr 44
H1 61.4ph" €'p data 94-00 Ly =500%L o pr
<80 <80
(0] B (¢D] B ,U+
X X
— —
D60 |- Q6o |- _I__\m )
+ I
e+ ,lf *
A ok
40 |- e+++’ 40 [ i
Y e
|<:|_7 20 iy
20 |- 20 |- 7
0 ol 1 rﬁé\\ | 0 m L1 |
10 10° 10 10°
M ev(GeV) M w(GeV)

H1total (e & e7) with P > 25 Gev: Data/ SM=8/2.7 + 0.6
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<— HIlpevents
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L] W+
£Y w
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05

1 15
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ZEUStotal (e +¢7) (Data/ SM),=7/6.1£0.9
(Data/ SM), =4/3.7£0.4
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1 E
Gf

2F
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-3

preliminary
E <— Hlpevents
Vool
] W+
i Y
20 40 60 80
P} (GeV)

; compatiblewith SM :
ZEUS 1994-1999

E

= SO

| : H1 p events

Backgrounds
shawvn arefor
ZEUSanalysis
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Summary

H1 andZEUShave accumulated- 100pb~! since
1994, thanksto the very good performanceof
HERA andthedetectorsn thelast2 years.

¢ Overall goodagreememntvith Standardvodel

— NC andCC crosssectionaup to highestQ?
— xF3

— My from CC

— U(xr) & d(z) athighz (needhigherf)

e Searche$or New Physics
— nosignsof it

e Needmorestudyof

—> TheHERA upgraddas welcome
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Outlook

e HERAWiIll stopin Septembefor ~ 9 monthsfor
anupgradgorogramaimingfor a 5-fold increase
IN luminosity

e Both H1 and ZEUS detectorswill be signifi-
cantly modifiedto copewith the changego the
machinemagnetsand to upgradetheir perfor
mance

e With the goal of ~ 1 fb—1, achieable til
ca 2006, as well asthe availablility of electron
(positron)polarization the prospectdor getting
mary exciting resultsin the near future look
good.
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