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HERA

DESY Hamburg, Germany

e(27.6 Gev)

p(920 GeV) P

Vs =319GeV

HERA kinematics:
> Q?=—-=
—(k—=K')?

_ &
> X5 =355

> y=1-F,/F
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Hadronic Final State

MOTIVATION: Test QCD and extract ag

Jets Event shape variables

\ Detector to hadron level \

| PQCD calculations |

Oler = /dei(XvﬂFaas)&QCD(XvﬂFa/J/?aas(,Ul?))'(]+5had)
i=q,0,9

| Hadronisation |

smalll corrections factors 10%

LO MC event generators with Parton large correction factors up fo 100%
Shower/Color Dipole Model .
Power correction approach

(] + 5h0d) = Uhod/a'porf

Compare data with theory

s fit

QCDO06, Montpellier, France Kaloyan Krastev (Universitat Hamburg) 3/11



Tools

» Jet algorithm: inclusive K
> Infrared and collinear safe at all orders
> longitudinally invariant
> factorisable
> HERA standard
» The Breit frame
> El% does not reflect the hardness
> 2xgP* + g =0,P" = (Ep, Pp)
> E,B reflects the hardness (suppress Born + remnant)
> remnant hemisphere n > 0

(0;0’0,.Q) currentq

Y incoming q Born level

(0;0,0,-Q) » NLO programs
7 > DISENT (O(a?))
> DISASTER++ (O(a))
> NLOJET++ (O(a?)) three jets NLO
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Inclusive Jet in DIS

= e e R
2 E
o 3 ofF ZEUS (prel.) 98-00 1
» Similar ZEUS/H1 phase space g 107 — NLO (ug=Elfy) 3
» Every jet above the E; cut o F — NLO (u.= .
enters the cross section E'-'.; 10° 3 (H=Q) E
differential in @2, £; B 4l ]
T 107 E
double differential F : , ]
> ZEUS 103L o
Q2 > 125 GeV F 250<Q?<500GeV? ]
EfF" > 8 GeV 102F 01000 4
jet E <0O%< 2 o
i ;]2.0 < <15 w b Feoo ]
@2 > 150 GeV 1000< "< 200 Gev?
BN > 7 Gev 1r o0 E
—-10<nto® <25 af 2000< Q% < 5000 Gev? ]
10 = (x10) <
10 2 ; o Q7> 5000 Gev? i
NLO QCD DISENT S, Drol .
MRST99 PDFs 1030 Yol <= ]
Smalll difference E ‘ o ‘ T
over all phase space 5 10 15 20 25 30 35 40 45

Efs (Gev)
5/1

QCDO06, Montpellier, France Kaloyan Krastev (Universitat Hamburg) 1



Inclusive Jet in DIS

Determination of (/g

o I e e e e e
<016 ©ZEUS(prel.) 98-00 ]
. < )
3 8 o NLOJET++:NLO (143,,9) s} 7222 world average all EJ'IE'lB
ToL o e o14f 1 regiond
70 Propagation of & to ag(M,) H
,‘[, - e 0.12 :..é.;@.g..@i..ﬁg ..... e =SEoocooe-s [
60 —
— 01t E
) ) ) co b e e e
0.110 0.115 0.120 10 20 30 20
(i) Eds (Gev)
i ++
CTEQSM1 PDFs In NLOJET o from inclusive jet cross section
1. Cross section for various (Y. o 0.22
S
0.111,0.113,0.116,0.119,0.122 0.20" H1 preliminary ?E?'oo
. FSECA(=S
2. oj(as(My)) = A - as(Mz) + B; - a2(My) 0 18':* o aM)
3. Map the measured value TR . iiiifiiﬁi“sigedas(m
4. Combine info an avearge value 01 6:’ = v\;o,;d average (PDG) :
correlation between systematic errors - 0.14- o(M,) = 0.1187+ 0.0020
taken in account F
ZEUS (HEP2005) 0.1 2?
0.119640.0011(stat.) F4 01 (exp.) 40027 (h.) 0.10c
H1 (EPS05) r
40.0046 0.085—- — ! :
0.1197 4 0.0016(exp.)*% 94 (11, ) 10 102

E, (GeV)
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o «@
Qs
Qs
Qs
o)
dijet trjet

P Alternative approach
(LO) dijet (O(as))
(LO) trijet (O(a?2))
Ry o ~ as

P Selection
B > 5Gev
Mg > 25 Gev

P NLOJET++ with CTEQ5M PDFs
as(Mz) =0.118
Ratio - well described

larger experimental errors
compare to inclusive
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— 1g
% E H1 Erelimlnary 99-00
r * Dijets
g 10" 4 Trijets
a1 —-NLO{1+5,,
o~ £ (y-exchange only)
%10_27 025 <2/ @ < 4.0
s
s
100 Efgy>50Gev
E -1<nz*<25
104 Mo My, > 25 GeV
104 L 1
10° 10° ,
Q*(GeV?)
g ®  Hi Preliminary 99-00
E NLO (143,,)
© a5 (y-exchange only)
ms ‘”E 025 <1, /Q* < 4.0
E I Hadronisation Uncertainty
035
03F
025
02f
0150 L L
10° 10
% (GeV?)
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Multi-jets

(Ol from 3 to 2-jet ratio

R3 2 Is sensitive fo (g
» The same fitting method as inclusive
» NLOJET
» Five sets of CTEQ4 PDFs

Correlated systematics and up
uncertainty largely cancel

ZEUS (European Physical Journal C44 (2005) 183-193)
0.0028 0.0064

0.1179 + 0.0013(stat.) 4w (exp.) T4 O (1h-)

H1 (LP2005)

0.0054
0.1175 £ 0.0017(sfat.) = 0.0050(syst.) *9,0%4 (th.)

(do/dQ?), e, / (A0/dQ )y

ag(M,)

ZEUS

®  ZEUS 98-00 a)
[EE1 Energy Scale Uncertainty N
CTEQA4M NLO ® C,, : 1116 <2/ (Q*+E2) < 1

Theoretical Uncertainty
‘World average: 0.1182 + 0.0027
I

L
10° 10°
Q?(GeV?)
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Event Shapes

» Event shape Journal-ref: EurPhys.J. C46 (2006) 343-356

variables

o .-
» More inclusive (no B0

E; cutb)

» Five event
topological
variables F

Thrust Longitudinal
momentum
components
projected onto
the boson axis

T=1-T

_ ZnlBenl
Sh Pl

Jop 000 &ve"™®

No stat. limitation except for
the highest Q bin

H1 Data

<Q>=15Gev ()
<Q>=18Gev ()
<Q>=24Gev (¥
<Q>=37Gev  (x20)
<Q>=58Gev  (x20)

> > U EH e o

<Q>=81Gev (x20)
<Q>=116 Gev (*)
—— NLO(02)+NLL+PC (itted)

---- NLO(0)+NLL+PC (exrapolated)

he CH 0.0

NLO not enough

(NLL approximation)
soft gluon resummation
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0.4

Power corrections
(hadronisation effects)
proportional to (1/Q)

rely on aef

valid for low scales
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Event Shapes

QCD Fit

Journal-ref: Eur.Phys.J. C46 (2006) 343-356
Fit results in (as, ag) plane g%
Universal non-perturbative parameter aq (1)
variable independent

NLO(02)+NLL+PC

0.18| fits to DISTRIBUTIONS

py infrared matching scale

0.16;
S 0.60- NLO(a2)+NLL+PC Fits a,(m)=01178
8 r to DISTRIBUTIONS 014
~ [ stat. and exp. syst. errors r
I _ F B r
= 055 012-
o r L
S [ [
L TC 0.107*
0.501 ‘\ P [ Event shapes
r \0. T 008553650 80100120
0.451 Q/GeV
L The data clearly exhibit the
o.400 H1 running of as(Q)
: o b e e b |
0.110 0.115 0.120 0.125 0.130 Large scale
ag(m,) PC. Correct description of
as(Mz) = 0.1198 + 0.0013(exp.) %0956 (1h.) event shapes
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SUMMARY

oo Event d1$1 esin DIS
a(fi'm'c_ért. """"" H1(DESY 05-225 - hep-ex/0512014)
ot Inclusivejet cross sectionsin NC DI

sin S
EUS prel. (contributed paper to EPS05)
I}_‘nflusgle(jet ?roﬁtsgﬁtionsintNEP[&SS) World overoge
prel. (contributed paper to
Multi-jetsin NC DIS 0.1182 4+ 0.0027
H1prel. (contributed paper to EPS05)

yéjll}lsj(%ﬁ;nPhstour C 44.(2005) 183) S. Bethke, hep-ex/0407021

"""""""" ZEUSaFNucI PhysB 700 (2004) 3)
- Inclusive jet cross sectionsin

""""" ZEUS(thsLe"BSGO(m 0 HERA is consistant

%‘g%g‘;gﬂ',“ rl\l)?‘stgolur é: 3? (2003) 149)

Subjet multplicity in NC DI 0.1186+0.0011(exp.)+0.0050(th.)
ZEUS(PhysLat 558 (2003) 41)

I H1 (Eur Phy 53 21 (2001) 33) C. Glasman, hep-ex/0506035

""""" ZEUS%Eur Phys Jour C 42 (2005) 1)

D fit
"""" ZEUS (Phys Rev D 67 (2003) 012007)
S e Ry '
ur H H
- e g New (with HERA jets)
ys
é crosssectionsin NC DIS O] ]89 :l: OOO]O
ZEUS (Phys L ett B 507 (2001) 70)
L R e S. Bethke, hep-ex/0606035
——i World
(soéeu?l\g ﬁgep ex/0407021)

01 0.12 0.14
a(M,)
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