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@D HERA

Kinematic Variables

*920 GeV p* Breit Frame Definition:
(820 GeV before q+2xgP =0
1999)

27.5 GeV e or e* — )W\M<
318 (300) GeV cms =

e
K
. k . /V/e \
Q12 Q2

Current

: X Target
\Jet

QZ, XBj! V' Similar to hemisphere in e*e
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@ Particle andiEnergy Flow

Combination of the hard and soft scales

Axis Dependent:
Thrust Broadening

T = 2P i s Z\p, <A
Zi‘ m T By Z‘pl‘

Axis Independent:

C Parameter Jet Mass

.3, [nlpfsin(g) M (e
2(3Jp.If XET

Sums are over all momenta in the current hemisphere of the Breit frame
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fe) J\Jonap rturbative iug

alcuiations

pQCD prediction — measured distribution
» Correction factors for non-perturbative (soft) QCD effects

Proposed theory: Use power corrections to correct for
non-perturbative effects in infrared and collinear safe
event shape variable, F:

Used to determine the
hadronization corrections

<F > - <F > perturbative + <F > power correction
<F> _a, 3MA (a,, o) Valid for event shape means and
pow 7Q differential distributions

Power correction
sIndependent of any fragmentation assumptions

o = Univeral “non-perturbative parameter”
0 * — (Dokshitzer, Webber, phys. Lett. B 352(1995)451)
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2-parameter fit

 Simultaneous
fit for o, and
Ol

 Each shape fit
separately

Fits use Hessian method
for statistical and
systematic errors

All variables: good 7?2

NLO calculation:
DISASTER++

ZEUS 98-00 (82.2 pb1)
80 < Q2< 2*10* GeV?
2*103<x<0.6
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Extracted parameters

ZEU

b

1 s.d. errors

------ 95% confidence region
(stat. + exp. sys. errors)
® ZEUS (prel.) 98-00

J’IIIlIIIIlIIIIlIIIII

o 0.5

for each shape IS i
- Fitted o, values :
consistent to within 24T

5% i
e Fitted a0z0.45 to 0.4_—
within 10% [
Theory errors el
dominate, except for y -
axis shapes -
0.3_—

0.25_
0.11

0.12

0125 013 0135 014 0.145

os(M,)
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H1 EVENT SHAPES: < ZEUS

(IR L) E— T e = 10k (preuga-oo{:i8222322$:28i22222¥‘;
_‘é Ce... 7 T e = o A <Q>=42GeV A <Q>= 113 GeV ]
= N e e . o T — o | o . NLO + NLL + PC (fitted) —
i0°g® T . W T e.... Z E-omeee o Le 0 NLO + NLL + PC (unfitted)
E.—.— ..... e ... | o e ; 5- _‘_L‘_L._L’—L._ 1
10 ;:-_ +—o— ........... S ? | ‘ ?
o - e s T
1y, —e— - - 9
E —c— —— = L
w0 T T e "t
g @ ——
Al e
e .
w1 !
e t=1-T
10_ ?;:2:218116((3;9\; ‘ 10- E
0.0 Y Y 0.5 1.0 0 0.05 0.1 0.15 0.2 ‘ 0.25
T M 2
Fit differential distributions over a limited
) range.
H1 (112 pb?) ) 1
, . Bins for which theoretical ZELS S22 99
14 < Q<200 GeV calculations are expected to be 9< Q<141 GeV
0.1<y<0.7 questionable are omitted from fit. 5,53, .56

« Resummation is applied with
DISRESUM.
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H1 preliminary ZEUS

- 2\ 4 + i o 055 ' " 1 s.d. errors
% 0 . 60 — NLO(as) NLL+PC Fits |5 B . Qg:rv ------ 95% confidence region
~ B N R (stat. + exp. sys. errors)
0] - B stat. and exp. syst. errors i o 2EUS (ral) 66.00
~ I - A -
H_ - 0.5— R —
= 0.55( ! i -
| o - L _
6 L L N By ]
- 0.45— X M —
0.50|- i g 1
B 0.4 E -
O . 45 B : FAERRRAES AEYON C i :
i 0.35— . % : —
B <4——— world average B y
040 ! | ! ! ! I | I I I I | I 0_3_ | | .\.'T"' I | ! i
011 012 013 0.11 0.115 0.12 0.125 0.13
o (M)

(x‘s(mzo)
Fits use Hessian method for statistical and systematic errors.
All variables with a good 2
Fits are sensitive to matching method.

ag agrees with world average o, = 0.5.
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Jets

ZEUS
 we zEUS(rel)oB00
— LEPTO
----LO(O(02))+NLL+PC
i i 100 < Q% < 500 GeV? E
Event P|ane - 500 < Q“ < 800 GeV
Momentum out of plane 107 |
Kout - Z.‘ pi‘ 100 ! 1
E _ i YL ]
nergy flow out of event plane: L 1
« Sensitive to perturbative & T' ﬂ 1
non-perturbative contributions 0 02 04 06 08 1 12 14 16 18 2
* Dljet event: Kour 1Q
e Perturbative physics: in plane First comparison with LO+NLL+PC
 Non-perturbative physics: shown
out-of-plane momentum a (M,) =0.118 i&;g 98-00 (82.2
°a,=0.52
Measured by H1 and ZEUS 0 100 < O?
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Jet substructure depends mainly on type of primary parton and
to lesser extent on the particular hard scattering process

Gluon initiated jets are broader than quark initiated jets
Jet Shape y(r): fraction of the jet E-

iInside a cone in the n-¢ plane of ; i renmow ]
radius r voeE ® ZEUS98-00DIS E O D(d:ﬂlczEllj'lre)'/DISENT E ’g

R :
ZEUS 98-00 (82.2 pb) s
Jets found in LAB frame yorreer ey oo ol

0O 02 04 06 08 10 02 04 06 08 1 =

Q2< 125 GeV? r r
Ejet>17 GeV -1<mniet<25 First time studied in photoproduction
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Using Jet'Stipstructure to
Study the HardiSubprocess

ZEUS

/\ T ‘ 1T 17T ‘ T T 1T ‘ T T 1T ‘ 1T 17T T T 1T

g‘ = ZEUS98-00DIS

10_95 — DISENT |

S Ei¢> 17 GeV .

\VJ T et .
Hadron level ] E'[J dependence

DIS and yp: jets become

09- . o - S ]
narrower as E ¢t increases

n
/\ T ‘ T T T ‘
o
o ) jet
Logs - 1<n<25 © 0g=0.1225
>
\Y%
0s=0.1175
09 - : os=0.1125
| ‘ I ‘ L1 L L1 ‘ L ‘
20 30 40 50 60 70
El# (GeV)
+0.0091

a (M,) =0.1176+0.0009 (stat.)>20% (exp.)*33% (th.)
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Mu

ZEUS ZEUS

) E 3 0.5
< ; ® ZEUS (prel.) 98-00 Dijets @ - g ® ZEUS (prel.) 98-00
8 10 L Y ZEUS (prel.) 98-00 Trijets ] < | [ 1 Energy Scale Uncertainty )
S g [ 1 Energy Scale Uncertainty g %, = CTEQ4MNLO (1 +§,,4,) 1 1/16 <2/ (Q2+E$) <1
[} L ]
(\\1-/ 1 = E| E 0.45 — -
(@4 E E =
© _1: ] ~
~ L — L |
o ¢ E 2
o g 1 =
10 -2? M jet > 25GeV ? Na 04l |
F — CTEQ4MNLO (L +§,,4) : O(0,2) E 3
0L T CTEQ4M NLO (1 + 8, ,4,) : O(0,3) v ] ©
E L L L L L1 ‘ L L L L L1 ‘ L L E E [ )
> 15 [ B b)4
3 1 E® Dijets/NLO : O(e2) [ZZZ] CTEQ4M: 1/16 < 13(Q*+E2) <1 ] 0.35 — -
c Lo & ] E
: 1 F :yllllllltylllllllllllllj;;;”"‘_ | 1
s g 7 e - I 1
I o7 E =
c L L R | L d 0.3 |
> o OF '
o 14 E y . X 3 . 21(O24+E2 -
g b Trijets/NLO : O(a,3) DX CTEQ4M : 1/16 < p2/(Q°+E2) < 1 E ] CTEQ4AS : 0,=0.122 ! |
o] < F ;. - B —— CTEQ4A4: 0,=0.119
~ 1 I — —— CTEQ4M : 0.=0.116
o F ] 025 —— CTEQ4A2: 0 =0.113 B
g 0.8 - E : —— CTEQ4A1: (xs=0.110
0'6 ““‘1‘02 ““‘ \\\\\‘ \\\\\‘
Q* (GeV?) 10

R3/2 = Oijet/ Odijet
Systematic uncertainties substantially reduced
Very sensitive test of QCD calculation
a,(M,) =0.1179 +0.0013(stat.) 3 0oz (syst.) 5 Soss (th.)
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v Jet shapesin NC DIS

exp. uncert. | ZEUS (DESY 04-072 - hep-ex/0405065)

o Multi-jetsin NC DIS

""" ZEUS prél. (contributed paper to | CHEPO4)

e« INnclusivejet cross sectionsin yp
""" ZEUS (Phys Lett B 560 (2003) 7)

—e—— Subjet multiplicity in CC DIS

"""" ZEUS (Eur PhysJour C 31 (2003) 149)

rot: Subjet multiplicity in NC DIS
""""" ZEUS (PhysLett B 558 (2003) 41)

g NLO QCD fit
------ H1 (Eur PhysJ C 21 (2001) 33)

e  NLOQCDfit

""" ZEUS prél. (contributed paper to | CHEPO4)

o NL O QCD fit
""" ZEUS (Phys Rev D 67 (2003) 012007)

e Inclusivejet cross sectionsin NC DIS
""" H1 (Eur PhysJ C 19 (2001) 289)

mes  INclusivejet cross sectionsin NC DIS
ZEUS (Phys Lett B 547 (2002) 164)

o Dijet cross sectionsin NC DIS
""" ZEUS (Phys Lett B 507 (2001) 70)

o World average
(S. Bethke, hep-ex/0407021)

0.1 0.12 0.14
ocS(M )

 Good experimental
measurement of event
shapes

 Means, Differential
Distributions, and new event
shapes for jet events

* Need some theoretical input
for higher order calculations
and resummations for the
event shapes in jet events

« Jet substructure, jet rates,
and jet ratios demonstrate
the validity of the
description of the internal
structure of jets by QCD

« Using R,,, cross section ratio

gives possibility to measure
ag at very low Q?
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