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Jet Productionin NC DIS with ZEUS at HERA 2

Kinematics of Neutral Curr ent Deeplnelastic Scattering

e+ (k)
For a given ep centre-of-massenemy, /s,
the (fully) inclusive crosssectionfor

Y | Z (g=k-k) ep e+ X
e+ (k)

can be describedby two independent

\\‘w kinematic variables, e.g
) @m — |A~ﬁ . Na\vw

= rp; = Q*/(2P - q)

l
J

quark

proton (P)
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Jet Production in Neutral Curr ent Deeplnelastic Scattering

e Jet production in neutral current
interactions up to O(as;):

e Jet production crosssection:

Quark-Parton Model Boson-Gluon Fusion QCD Compton

&Q.u.mn — M \, dx .%QAHq twﬂv &Q.QAHq s Q\:qu twﬁ tw..,v

a=q,q,g9

— fo: parton a densityin the proton, determined fr om experiment; long-distance
structur e of the target

— 6. Subprocessrosssection,calculablein pQCD; short-distancestructur e of the
Interaction

e A wealth of data fr om fixed-target and collider experimentshasallowed
an accuratedetermination of the proton PDFs=- measuiementsof jet production
In NC DIS provide
— a sensitve test of the pQCD predictionsof the short-distancestructure
— a determination of the strong coupling constanta
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QCD Analysesof Jet Productionin NC DIS

e To perform a stringent test of the pQCD predictionsand a precisedetermination of a:
+« Obsewablestor which the predictionsare directly proportional to o
— Jet crosssectionsin the Breit frame; Jet substructure
x Small experimental uncertainties
— Jetswith relatively high transverseenemgy (uncertainty on jet energy scale!)
— Kinematic regionin (Q?, =) and jet variables (small detector corrections)
— Ratios of crosssections(partial cancellationof systematicuncertainties)
x Small theoretical uncertainties
— NLO QCD calculations(reduction of higher-order contributions)
— Jet algorithm: longitudinally invariant k+ cluster algorithm (Catani et al)
= small parton-to-hadron effects
= lessambiguities in matching the experimental and theoretical implementations
= suppressionof beam-remnant jet
— Jet selection:inclusive jet production (smaller uncertainties than for dijets)
e By fitting the datawith NLO QCD calculations=> extraction of a
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High- E+ Jet Production in the Breit Frame

virtual
photon

<ﬂﬁm_ virtual
photon q photon
REMNANT VUUV v|
proton proton
m+

Qm S

q
BORN PROCESS BOSON-GLUON FUSION OCD COMPTON

e In the Breit frame the virtual bosoncollideshead-onwith the proton
e High- Er jet production in the Breit frame
— suppressionof the Born contribution (struck quark haszero Er)
— suppressionof the beam-remnantjet (zero Er)
— lowest-order non-trivial contributions from~*g — gqg andv*q — qg
= dir ectly sensitve to hard QCD processes$a)
e Restriction of the phasespaceusing ONLY jet variablesin the Breit frame (EZ . _,,1:7,)
— facilitates the separationof beamfragmentation/hard processan the calculations
— allows the measuementof the azimuthal distrib ution @WL
J Terron (Madrid) S. Petershurg DIS03 April 23rd, 2003
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Jet Reconstrutionin the Breit Frame cosy = —0.520  cwseemoonsn
Q* = 2000 GeV* — BCAL MM__M
x = 0.03 — RCAL cells
GmAnv i LV | L B T B

150

100

-100

-150

ydaeab e

COS )\ f— O . @ @ H X RCAL :“_m WmM__.m mm__oanuiwm

Q* = 500 Gev* — BOAL cells
6 (°) L|_xnﬁwA____|mo_>r8___m_|r
e Longitudinally invariant kr cluster algorithm in the ng-¢ 5 T ]
planeof Breit frame: d;; = min(EZ ;, EZ ) - (An, + A¢Z) | ]
e Selectionof the phasespaceto avoid large detector effects T ]
. _ (—y)zEp—yFe ol ]
0.7 < cosv < 0.5 where cos vy = (1—y)zEptyEe o |
Q? > 125 GeV?, -2 < Smﬁ < 1.8 and m%.a.& > 8 GeV I R L SRR
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NLO QCD Calculationsfor Jetsin NC DIS

e Several NLO (O(«a?)) programsare available for performing jet crosssections
calculations— DISENT (usedhere), MEPJET, DISASTER++ (crosscheck) NLOJET
e NLO corrections  — virtual correctionswith internal particle loops
— real correctionswith athird parton in the final state
e Different methodsto calculatereal corrections:
— phasespaceslicing method (M)
— subtraction method (D, D++, NJ)
e Sincethere aretwo hard scalesan jet production, the renormalisation and
factorisation scalescan be chosenasoneof the two, ur, pr = Q Or Er jet
e The calculationsare for jets of partons and the measuementsare doneat the
hadron level — needto correctthe calculationsfor hadronisation effects
e Theoretical uncertainties:
— terms beyond NLO, which are usually estimatedby varying g by factor 2
— uncertaintieson a5 (M z) and the proton PDFs
— uncertainty coming from the hadronisation corrections
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The Infrar ed Sensitvity of the SelectionCriteria for Dijet Events

NLO QCD Dijet Cross Section (ux=Q) Q> > 470 GeV*

Jet Transverse k
Plane We/ 14— \W/ 14 14 —
10 — 10 10 —
%mmn T m T
proton
BREIT A ° A
FRAME 5 10 15 5 10 15 5 10 15
Jet Eri (GeV) Eri (GeV) Ery (GeV)
e Dijet selectioncriteria: 2 e Loos oo T
. jet,1(2 o3 o X o % %
— Symmetric cuts on B2 — danger : : 3 %
) H,.m.ﬁ HANV o 0.05 = Go.om — % _Oo.om — OOO
— Symmetric cutson E;. and cut on sum w " B — o
: jet,1(2 04 - o4 . o4 |-
— Asymmetric cuts on E2¢%1(?) " o !
= NLO calculationsfor dijet crosssectionscan oes luwoiwlud o5 Lunbihid oos Lunbonibus
be (infrar ed) sensitve to the selectioncriteria Ersmn (GeV) Erymin (GeV) Evymn (GeV)

This complication is absentfor inclusive jet crosssections!
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Inclusive Jet CrossSectionsin NC DIS at Q2 > 125 GeV?

e Measurementof inclusive jet crosssectionsin the

kinematic regiondefinedby Q% > 125 GeV? and w H
—0.7 < cosv < 0.5 for jets with ar
EZ..,>8GeVand—2 < nB, < 1.8 g
— no cut is applied in the laboratory frame 10
e Advantages: 10
— Infrar ed insensitvity (no dijet cuts!) o
— suited to testresummedcalculations e b
— smaller theoretical uncertainties than for dijet 2
e Small experimental uncertainties: O.M :
— jet enemyy scale(1% for Ex jer > 10 GeV) Crog 11 |
=~ +5% on the crosssections .

e Small parton-to-hadron corrections(Cheaq): < 10%

e NLO QCD calculations(O(a?)) usingpur = EZ . ., urp =

,jet’

ZEUS

F . Jet energy scale uncertainty

3 NLO QCD: (corrected to hadron level)

a (M,)=0.1175

DISENT MRST99 (Mz=EZc0)
..... DISENT MRST99 (1;=Q)

® ZEUS 96-97

T T T LI _
Ratio to DISENT MRST99 (H5=EFer)

z Theoretical uncertainty
1 1

T T T L _
EA Parton-to-hadron correction

==

2

10

3
10

parametrisations of the proton PDFsdescribethe measurementswell

10"
Q’ (GeV?)

QQ and the MRST99
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Inclusive Jet CrossSectionsin NC DIS at Q2 > 125 GeV?

e Measurementof the inclusivejet crosssecton chm ______________
do /dEZ ., in the kinematic regiondefinedby : ]
Q? > 125 GeV? and —0.7 < cos~ < 0.5
for jetswith EZ ., > 8 GeVand —2 < n}, < 1.8 ¢
e Small theoretical uncertainties: -
— :.@:m?oamﬁ terms (> NLO); varying pr between ©F wop-oums -
= ° .mmm m.DQ N .Nwm ¢ — H_HWQO 10 .N” ..... DISENT MRST99 emmwl__& |

® ZEUS 96-97

Homl

do/d ETjet (pb/GeV)

[ . Jet energy scale uncertainty

T,jet T,je
— c:om:m_:a\ onas(Mz) (£0.003); = 5%

— hadronisation corrections; variance of C}, 4,4 Values
(ARIADNE, LEPTO-MEPS, HERWIG) =< 1%
— uncertainties on the proton PDFs

Chad ™
e experimental uncertainties = +3%
e theoretical assumptions= +3%
e NLO QCD calculations(O(a2)) usingur = Ef .y, bF = 'Q and the E% o (GeV)

MRST99 parametrisations of the proton PDFsdescribethe measuementswell

J Terron (Madrid) S. Petershurg DIS03 April 23rd, 2003
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Uncertainties of the Proton PDFs: effectson jet crosssection

. . . . . XJ; M. Botje, Eur. Phys.J.C14(2000)285
e Comparison of jet cross-sectiorcalculationsusing 5,
. . . - . 2 2
differ ent parametrisations of the proton PDFs P = Q=10 GeV
O CTEQ4M

(e.g MRST vsCTEQ) DOESNQT giveareliable o
estimation of the uncertainties due to the proton PDFs |
e Several groupshave developedmethodsto quantify B
theseuncertainties by accounting(properly) for , )
— the statistical and correlated systematicuncertainties °3 | N
of eachdata setusedin the determination of the PDFs2 XS (x oﬁ
— the theoretical uncertainties affecting the extraction o: | > 7
of the PDFsin the DGLAP fits
e Botje’s analysisprovidesthe covariance matrix w0 w0 a0 X
(Vp,..p») Of the fitted PDF parameters({pax }), the derivativesasfunctions of Q?and x
(e.g Og(z, Q?)/0p,) and several setsobtained under differ ent theoretical assumptions
= evaluation of the uncertainty on any function of the proton PDFs(e.g o jet)

. 2 __ @Q.u.mﬁ @Q.u.mw
Abqwm.ﬁv — My»t @Nut. .‘\Nut\qﬁv, @NUV,

XJ (X 0.05)

0.4 |

o b
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Inclusive Jet CrossSectionsin NC DIS at Q2 > 125 GeV?

ZEUS ZEUS

.chmmmlmﬂ H_.mo__________________________________
® ZEUS 96-97

()]

M et energy scale uncertainty
NLO QCD: (corrected to hadron level)

a, (M,)=0.1175 140
— DISENT MRST99 (1;=EZ}¢; )
--- DISENT MRST99 (1,=Q) 120
125 < Q% <250 GeV? 100
(x10°)
250 < Q% <500 GeV? 80
(x10%
60
500 < Q% < 1000 GeV 2
(x10%)
o 40
1000 < Q% <2000 GeV 2
(x100) 20
1 =

160
. Jet energy scale uncertainty

(pb/GeV)

=
o
(S

T,jet

B

dofdng, (pb)

[
o

dy s ey by by 1y

=
o
w

do/dE

N

NLO QCD:

(corrected to hadron level)

=
o

a, (M,)=0.1175
—— DISENT MRST99 (1,=E2 )
..... DISENT MRST99 (11;=Q)

LANLIN LI LI L L L LB L L L L L L L

1

PEFENE ENETEE BTN STRTA |

MR B
LENLELI B

11 1
LENLEN L

2000 < @ <5000 GeV' —pn
T — T
Ratio to DISENT MRST99 (Hz=E7jc,)

1
T

PRI BTN R
_ AXU_.OV LI B L B B B B
HO ”_..h

10 -2 Q* >5000 GeV 2 l2p B
C1) 1E ]
-3 [ ]
10 0.8 |- . -
| | | | | | | | r z Theoretical uncertainty ]
S S S E— E— S S S : o.m I— — 11 1 1 _ 1 11 1 _ 11 1 1 _ 11 1 1 _ 11 1 1 _ 11 1 1 — 1 —I
Inv HO Hm NO Nm wo wm h.o h.m H H T — T 1 1 7T — T LI — LI — LI — T 1 1 7T — LI — T T
O:mg ' E& Parton-to-hadron correction
1 =

ET jot (GeV)
e NLO QCD calculationsprovide agooddescription csf s
of the data — validity of the description of the 15 1 05 0 05 1 15

dynamicsof inclusive jet production by pQCD at GAQU

LN LR RN RN R
'l FEe s Fem
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Inclusive Jet CrossSectionsand extraction of a,(Mz)

, do/dQ?

e NLO QCD calculationsof do /dQ?
dependon az(Mz) through

— Matrix Elements:6 ~ A - o, + B - a?

— proton PDFs: a; assumedn evolution

e Totakeinto accountthe correlation
the NLO QCD calculationsare performed
using various setsof proton PDFs

(in agiven Q? range) NLO QCD

measuied value

which assumediffer ent valuesof o,
e Theresulting NLO QCD calculations
are parametrised asa function of as (M2

S

in eachregionof Q2 of the measuements
e From the measured value of do/dQ? in eac

regionof Q? the value of a;(Mz)

and its uncertainty are extracted

QmAENv

RN

0.110... 0.116... 0.122
CTEQ4AL...CTEQ4M...CTEQ4A5
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Inclusive Jet CrossSectionsand extraction of o,

e The inclusive jet crosssectiondo /dQ? at
Q? > 500 GeV? hasbeenusedto extract as(Mz)

as(Mz) = 0.1212 £ 0.0017 (stat.)

+0.0023 +0.0028
—0.0031 Amunmu.v —0.0027 ?W.v

e Experimental uncertainties:

— jet enelgy scale(1% for Er jer > 10 GeV)

e Theoretical uncertainties:

— terms beyond NLO Aas(Mz) = 3%

— uncertaintiesproton PDFsAas(Mz) = 1%

— hadronisation correctionsAas(Mz) = 0.2%

e Consistentwith other determinations of a; and PDG
e \Very precisedetermination of ag(Mz)!

| Average ||
PDG 2002 ™ .

. Hadronic Jets

| C, + -

! ! e e rates

. e"e event shapes
———

.| Fragmentation
B

.| Zwidth

— 00—

ep event shapes, |
| — O

Polarized DIS|

T

Deep Inelastic Scattering (DIS)

| _Tdecays
| |,O|
Lattice, & _ZO_|CM_<_MW
Y decay JETS NC DI
T O R
0.1 0.12 0.14
a,(M,)

Further impr ovementdependsupon further Experimental and Theoretical Work

J Terron (Madrid) S. Petershburg DIS03
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Inclusive Jet CrossSectionsand extraction of o,

e Study of the scaledependenceof as(EZ ., ):

from the measueddo /dEZ

EZ ... region— o, (< Ef

HERA: running of a (H)

,jet

T,7e
e The measurementsare consistentwith the

running of a; predictedby perturbati ve QCD

ZEUS
<oz T T TrTTTTTTTTTT
) .
o [ e ZEUS 96-97 .
In each M\b o\ i T Theoretical uncertainty b
, >) Is extracted A\ — from a, (M,)=0.1212 °%*
0.2 :

0.25F T T 17 .. .... .m...._l
A H1 (inclusive jets, p=E7 jer)

" ZEUS 96-97 (dijets, p=Q)
® ZEUS 96-97 (inclusive jets, tnmw,_av ]

=— from a, (M,)=0.1184 + 0.0031 7
0.2 - -

0.15

0.1

0.18

0.16

0.14

0.12 - -

.Ho. - .No. - .wo. - .N_o. - .mo.
E7 jot (GeV)
Compilation of H1 and ZEUS determinations of a5 (1)
using measurementsof jet productionin NC DIS
= test of the scaledependenceof a5 ()

betweenu = 8.4 GeV and 90 GeV

J Terron (Madrid)

S. Peterslurg DIS03 April 23rd, 2003
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Azimuthal Distrib ution of Jetsin NC DIS at Q% > 125 GeV?

e Distrib ution of the azimuthal angle 2 . In the OUTGOING
je POSITRON
Breit frame betweenthe lepton scattering plane

and

OUTGOING QUARK

INCOMING
POSITRON

e The azimuthal distrib ution of jets is expectedto be

non-uniform dueto perturbati ve QCD effectsand insensitive
W (¢ :o:-cmzc%mz ve m:moﬁmU cleantestof pQCD o
T | 1 (Georgi and Politzer, 1978) ARTIREARE

I
IS
T

INCOMING

: PROTON
0.3 C

(1/0) do/dg?,
T
|

o
w
T

e LO pQCD prediction for unpolarised NC DIS at Q% <« M2

&Q.\&@umn = A |_| B - cos A%umnv |_| C - cos Awﬁumwv

_:Q*QIYmuﬁ:moch_:@mSvdeﬂma:zm__v\mccmmqm
S oo e | at¢ = 0(m); inv*g — qq the ¢ dependencas dominated
.1 bythecos2¢ term. For aninclusive jet measurement

0 60 120 180 240 woﬁwmmﬁﬁ vo ”V &Q\ﬁ&% e > I_l Q COS Awﬁhmﬁv

J Terron (Madrid) S. Petershurg DIS03 April 23rd, 2003

0.25 -

0.2 -

L — NLO QCD DISENT (Mz=E%jer) ]
0.15 - -
E NLO QCD DISENT (Wg=2%E}jerand Hr=EFjet/2) 1

jet
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Azimuthal Distrib ution of Jetsin NC DIS

x 107 x 107 107
o 05 ¢ o 05 o 05
Mo.hm = no p/lab(j) cuts &) m 045 E- p,ab()) vmwo__o_o_ b) Mo. 45 E N0 <2 C)
= = p.lab(j) > 4 dotte =
o 04 o 04 = Pr0) o 04
— - — - — -
035 £ 035 £ 035 [
03 g 03 - 0.3 g
025 F 0.25 F 025
0.2 0.2 E 02 E
0.15 =TI IR B B 0.15 = [ L 0.15 =N BN B R B
0 90 180 270 360 0 90 180 270 360 0 90 180 270 360
ﬁ_mou_ 6_”0“_ e_”o”_

e In the presenceof cuts on the jets in the laboratory frame,

E. MirkesandS. Willf ahrt
Phys. Lett. B414(1997)205
(dijet productionin NC DIS)

X RCAL Hole for the Beam—pipe
— FCAL cells
— BCAL cells
— RCAL cells

Q2 = 500 GeV?
x =0.1

g (°)

e.g Er jec(Lab)> 5 GeVor |nje(Lab)| < 2
= the azimuthal distrib ution is distorted by kinematic effects!™
e The measuementof the genuineazimuthal distrib ution requires
— absenceof cutson the jets in the laboratory frame o
— careful designof the phase-spac&egionto avoid
large correctionsfor detector effects
— cutsto suppressQED-radiation effects

-50

-100

-150

|_.___________________________________________1

-4 -3 -2 -1 0 1 2 3 4
s
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Azimuthal Distrib ution of Jetsin NC DIS at Q% > 125 GeV?

e Measurementof the (normalised)inclusive jet cross
mmoﬁ_o:ﬁ\qv&q\&ﬁ& In the kinematic region
definedby Q2% > 125 GeV? and —0.7 < oOmQ < 0.5
for jetswith E ., > 8 GeVand —2 < 52 < 1.8
e Clear enhancementsat ﬁ& = 0 and ﬁ&
e Small experimental uncertainties (normalised!)

T

e Negligible parton-to-hadron corrections(Chaq)
e Small theoretical uncertainties (normalised!)

— terms beyond NLO =- 4+1% on the amplitude
of the modulation of the distrib ution

(/o) do/dg?,

0.1

0.05

0.15

—ZEPUS

T T T T — T
e ZEUS 96-97 -

NLO QCD:

—— DISENT MRST99 (g=E%}c:)

DISENT MRST99 (1:=Q)

1
L 3m/2 2T

¢, (rad)

— other uncertainties (e.g intrinsic kr of Um:o:m In the proton) are small in comparison

e NLO QCD calculations(O(a?)) using ur = a& (or ur = Q), pr = Q andthe

MRST99 parametrisations of the proton PDFsdescribethe measuementsvery well

= precisetest of the perturbati ve QCD prediction for the azimuthal distrib ution

J Terron (Madrid) S. Petershburg DIS03
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Q? Dependenceof the Azimuthal Distrib ution of Jetsin NC DIS

e Measurementof the (normalised) inclusive jet
crosssection(1/o0)do /d| &W& | (folded about 7)
in differ ent regionsof Q2

e NLO QCD calculationsdescribethe data well

whereasLO QCD predictsalarger asymmetry,
particularly in the lower Q? intervals

e The asymmetryis predictedto decreaseas Q?

Increasesiue to the progressve declineof the
photon-gluonfusion (v*g — qq) process

e To quantify the asymmetry and its dependence

on Q?, afit wasperformed to the data and QCD
calculationsusing the functional form

do

d|¢B

umﬁ_

— 1

1
o B 5

T + f1 cos @WL + f2 cos E@WL

(1/0) dold]|¢E, |

|

ZE

US

0.4

125 < Q? < 250 GeV 2

250 < Q% <500 GeV 2

2

0.

All Q?

TU2 Tt
62, | (rad)

® ZEUS 96-97

| — NLO QCD DISENT (ug=Efjer)

1 --- LO QCD DISENT (pg=Efjer)

0

TU2

93, | (rad)

Tt

J Terron (Madrid)
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Q? Dependenceof the Azimuthal Asymmetry of Jetsin NC DIS

do

_do _ 1

A_Av.m _ 5

1
= jet

e Fitted valuesof f; and f5 asfunctions of Q?
and for the entire sample(Q? > 125 GeV?) f,

f1(Data)= —0.0273 & 0.0144(stat) 1o ooas (Syst)
f1(NLO QCD)= Io.coow+m”mmMMAtW — scale)

f2(Data)= 0.0947 4 0.0143(stat) T o 0005 (syst)

f2(NLO QCD)= 0.0984122%7%(ur — scale) f,

e For f1, the obsewved asymmetrytendsto be slightly
larger and more negatie than that of the NLO

e The NLO QCD calculationsof f5 arein good
agreementwith the measured values

Precisetest of pQCD prediction for the azimuthal asymmetry 1°

0.1

0

-0.1

0.2

0.1

T + f1 cos @WL + f2 cos B%NL

ZEUS

Asymmetry from the cos e_.wm term
e ZEUS 96-97

-=-=- LO QCD prediction ﬁtxum._w__.mv
777/ NLO QCD prediction (Eyjet/2 < Hg < 2E%jer)

All Q?

b)

#

All Q?

2 3
10

Q° (GeV?)
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Jet Substructure

e The investigationof the internal structur e of jets givesinsight into the transition
betweena parton producedin a hard processand the experimentally obsewable
spray of hadrons

e At sufficiently high mm.w&. where fragmentation effectsbecomenegligible, the jet
structur e is expectedto be calculableby pQCD

— At O(a?) ajet consistsof oneparton (no structure)

— O(ag) calculationsgive the lowestnon-trivial order contribution (2 partonsin ajet)

— Monte Carlo generators(ARIADNE, HERWIG, LEPTO) approximatethe
jet structur e by using parton showers W)

e Gluonsare predictedto be broaderthan quarks '

e Integrated jet shape(W(r)):
Averagefraction of the jet’ stransverseeneny that liesinside

a conein the n-¢ plane of radius r concentric with the jet axis R
1 NWHJAQ\.V
(B(r)) = Y =
jets jets u..?\. — Hv

J Terron (Madrid) S. Petershburg DIS03 April 23rd, 2003
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Jet Substructure: the subjet multiplicity The Jet

\

) =7 QQ

Many subjets 4 subjets 2 subjets 1 subjet

e Subjet multiplicity (nsp;):
Subjetsareresohed within ajet by reapplying
the kr-cluster algorithm until for every pair
of particles the quantity d;;
is above yeus + (EL°Y)2.

e Theoretical advantadges: Increasing y,

— “safe” obsewnablescanbe definedat any order in pQCD

— allowancefor “r esummed”calculations

— usefultool to investigatecolour dynamics (egquark/gluon differences)
— small hadronisation corrections(for not too low ycut)

J Terron (Madrid) S. Petershurg DIS03 April 23rd, 2003
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Jet Substructurein Neutral Curr ent Deeplnelastic Scattering

e The lowestnon-trivial-order contribution to the e
measurementsis givenby O(aa,) pQCD calculations

. __ [ dEr Er[do(ep—2partons)/dET]
(1 — w(r)) = [4Bx Brldoten—apars

e NLO QCD calculationsof jet substructure canbe made —
In the laboratory frame sinceit is possibleto have 3 partons P
In the samejet (not possiblein the Breit frame)

e The dependenceof the pQCD calculationson the knowledge
of the proton PDFsis reduced

ET

e Measurementsof jet substructure provide: z
— a stringent testof pQCD calculationsbeyond LO ¢ Laboratory
: : Frame
— a determination of ag
( — 1) = Ty =1 (BT ) | Angyj—10etBn,,,—1:0] + O(a?)
Thsbi T 0jer(ELY) ~ Cjet+Djet s s

Breit
Frame
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Jet Substructurein Neutral Curr ent DIS (Q? > 125 GeV?)

e Measurementof the meansubjet ZEUS
multiplicity — < a5 > S e et
for an inclusive sampleof jets with o . ZEUS 96.97
@%&e.mcvv 15 GeV v 4 ) Q2> 125 GeV?
E > 15 GeV

T,jet
-1< _.:mﬁ <2

—1 < piet(Lab)< 2
in NC DIS at Q% > 125 GeV?
e Study of the dependenceof < ng,; > on
— resolutionparameter Yequt
— jet variables EZ€*(Lab) and pi¢t(Lab)
e Small experimental uncertainties.
e Small theoretical uncertainties:

— ARIADNE

---- LEPTO-MEPS

— uncertainties on the proton PDFs
e Comparisonwith model predictionsbased e T e e
on different approximationsto parton radiation: Yeut

matrix elements+ parton shover (MEPS) and colour dipoles(ARIADNE)
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Jet Substructure in Neutral Curr ent DIS

ZEU

Q?>125GeV?
Eqje > 15 GeV
-1<n, <2

S parton/hadron

® ZEUS 96-97
pQCD predictions (DISENT):

(corrected to hadron level)

---- LO QCD (CTEQ4L)

correction <25 %

NLO QCD:

\w CTEQ4A5[a,(M,)=0.122]

—> CTEQ4M [a (M,)=0.116] ]|

/w CTEQ4A1[a (M,)=0.110] ]

ST S

Y
S~
S~
~~
~~
.
~~

~—

_a

-

ARIADNE
LEPTO-MEPS

@_55_

Theoretical uncertainty (Q/2 <y, <2Q)

O ——

e Comparisonwith fixed-order QCD " m H_
calculationsfor < ng,; > asafunction ms I
of Yecut- ’ HI

— DISENT program (subtraction method) i

— up to 3 partonsin ajet at O(a?) °T

— Hr = pr = Q

— parton-to-hadron correctionsapplied 2
(smaller than 25% for yeyu: > 1072) [

e LO calculationsfail to describethe data ~ _ H 5

e NLO calculationsdescribethe data well Cm N-

for very small valuesof yqys E
uncertainties resummationof terms t1 3
enhancedby In ycqt 09

10

10

10 1

Yeut
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Jet Substructure in Neutral Curr ent DIS ZEUS
U
> I_ T T _ T LI _ L _ LI LI _ LI LI _ 1 _|
) - ——> parton/hadron correction <17 % ]
e At afixed value of Yoyt = 102 < e pQCD predictions (DISENT): ]
; . L (corrected to hadron level) ]
< ngp; > decreasesas EX°*(Lab) increases 17 - Lo 0D (CTEoML) ;
— the jets becomenarr ower = - NoQeR: -
" \W CTEQ4A5(a,(M)=0.122] ]
e Comparisonwith fixed-order QCD 15 E TR o
calculationsfor < ng,; > asafunction 14 - y é-w,,,,,, .
. ] - Yeut™ ' .
of B3¢ (Lab) at fixed yeyus = 1072 " :
. . . e ZEUS 96-97

— parton-to-hadron correctionsapplied N ) , e ]
ot 2T Q*>125Gev? Tt )
Amgm——m—n.ﬁjmj HQQAU .qo“- mme A—Imcvv Nm mm<v ” L1 1 _|“_._A_J.__mﬁ_AN_ 1 1 1 _ L1 L1 _ L1 L1 _ 1 _”
mp.k_.l..._...._...._...._...._..l.
e LO calculationsfail to describethedata O 1}~y L Emomaeps :

e NLO calculationsdescribethe data well ST o |
1.1 ml @ ._.:moqm:o_m_c:omZm_:H_V\ (Q/2 < p, A_NQ | -
1B = ==
e The method usedto extract as(Mz) from *E.. P e e
the inclusive jet crosssectionshasalsobeenapplied E, o (GeV)
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Jet Substructurein Neutral Curr ent DIS (Q? > 125 GeV?)

e Measurementof the integrated jet shape ZEUS
— (W (r)) for aninclusive sample
of jets with EZ¢*(Lab)> 21 GeV
and —1 < niet(Lab)< 2in NC DIS 0.6

e Study of the dependenceof (¥ (7)) on o4

distancefrom jet axisr = \/An2 + Ap? 02

e Smallexperimentaluncertaintiegr > 0.5) °
— modeldependencd< 0.8%)
— jet enemgy scale(< 0.4%)

e Small corrections(for » > 0.5) to
— DATA: detectoreffects(< 3%)
— NLO: parton-to-hadron effects(< 5%) -

e NLO QCD calculationsprovide agood o
description of the data: bbb
— (DATA-NLO)/NLO smallerthan 1.3% for » = 0.5

21 < B < 25 GeV
-1<9n*<2

25 < B < 29 GeV

Hadron level — no EW rad

® ZEUS (prel.) 95-97 (42.7 pb™)

— Fixed order QCD
O (Data—Theory)/Theory

@]
O

@]

?@
é

O O

-

-

—_
\\\l\\\

O
DDDDDH

O CAL to HAD no EW

A parton to HAD no EW

DDDDDH

—_

cor factors

ﬂo‘\\\l\\\\\\\\\\\

NI

>
>
>
>
>

A A
A A

>
>

A
A

A

0.2 04 06 0.8 1

J Terron (Madrid) S. Petershurg DIS03 April 23rd, 2003



Jet Productionin NC DIS with ZEUS at HERA 28

Jet Substructurein NC DIS and extraction of as(Mz)

e The measuementsof (¥ (r = 0.5)) for
E3¢*(Lab)> 21 GeV and of (ngp;) (Yeur = 1072)

" ZEUS _re+ Inclusive jet cross sections iyp
je (hep-ex/0212064)
for E7."(Lab)> 25 GeV have beenusedto extract s B o ooty nDIs

(Phys Lett B 558 (2003) 41)

—> ZEUS (prel) ..  JetshapesinDIS
(Contributed paper to IECHEPO1)

the valueof as(Mz):

From®¥ — a;(Mz) = 0.1179 4 0.0014 (stat.) HL S O e N a1 2001 33
0.0054 +0.0094 ot fi
Wo.oomm Amummu.vlo.oo.ww AHF.V BUs e Azn_.:wmomomw_oﬁﬂ (2003) 012007)
H TE Eurehya1C1s 2001 289)
From Nsbj — QMA.NSNV = 0.1187 H_H 0.0017 Am&mﬁ.v ZEUS we+  Inclusive jet cross sections in DIS
mx R .- . . .
~0.0009 (€XP-) Zo.007¢ (th:) Nm_mw_%é_ ........ (Phys Lett B 507 (2001) 70)
. . T e 4 e World average
e The theoretical uncertainties dominate: for ngp; iecisial (S. Bethke, hep-ex/0211012)
— terms beyond NLO Aas(Mz) = .Hw.mmww 0.1 012 014
) a (M)

— parton-to-hadron effectsAas(Mz) = £+0.0028
— uncertainty dueto that of the gluon density in the proton (negligible)

Impr ovementsdependupon further Theoretical Work
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m:BBmJ\-

e Measurementshave beenpresentedof inclusive jet crosssectionsand jet substructure
in neutral current deepinelastic ep scatteringat Q% > 125 GeV? with the ZEUS detector
e Thesemeasurementshave provided
— precisetestsof perturbati ve QCD at O (a?)
— precisedeterminations of az(Mz)
thanks to
x a goodknowledgeof the proton parton distrib ution functions
x a reduction of experimental uncertainties (jet energy scaleknown to 1% for E1+ > 10 GeV)
x a reduction of theoretical uncertainties (NLO, jet algorithm and jet selection)
e \Very competitive determination of a;(Mz) from do /dQ? at Q* > 500 GeV?

as(Mz) = 0.1212 % 0.0017 (stat.) o ooas (€xp.) o ooan (th.)

e The measuementshave reacheda level of precisionsuchthat the theoretical
uncertainties dueto terms beyond NLO dominatein the accuracyof the final results

e To impr ove the accuracyof the determination of the fundamental parametersof QCD
and of the testsat higher orders =- further theoretical work is needed
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