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Hadronic final states @HERA

Jet production at HERA
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Parton distribution Cross section of Fragmentation
function of the proton the hard process function
This talk covers recent results on: o
- fragmentation function Eaegggniec C‘;‘i oction
- hard process QCD (as, low x)

. : : : . ~ 1+ Shad
- other topics (multi-parfon interaction, antideuteron) i et studies
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Breit frame
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2Xg; B"'a =0

- parton from proton
(for the interaction)

is back scattered

with the same momenta

Breit frame has advantage
for DIS jet analysis

® Current region can be compared
to e*e- experiments

® Current quark and proton remnants
are clearly separated

® Contributions from QCD radiation
can be seen in high Et jet
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Jet algorithm

Longitudinally invariant kt algorithm
- theoretically favored, no overlapping

For each Energy Flow Object, calculate:

. Radius parameter
2 R2 oo
di= Eri*R [usually set to 1]

dij = min[Et;2,E1,;2][An? + Ad?]

*under Breit Frame
Order all dii and dij

If diiis minimum - iis regarded as jet

If djjis minimum -> iand j are merged, further iteration
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Scaled charged particle
momentum distributions in DIS

For tracks in current region
of Breit frame, define:

- Xp = p/(Q/2)
Measurements of dn/dx;, for
Q <~100 GeV and full x, range

Scaling violation
is clearly observed

1/N dn/dx;

sing
; F Xp

Agreement with e*e- experiments,
and RAPGAP(PS) MC tuned to e*e-
- universality of

quark fragmentation function
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Inclusive jet in DIS

NLO describes inclusive jets well

S | . ZEUS 82 pb” (3)
%_ 10 | NLO ®phadr®Z°é Agreement also for
R PO - smaller radius (R=0.7,0.5)
=
B 10! reaseon > Interesting for studying
_z jets from heavy particles
10
T as extraction
-4 T jet energ,i_\' scale uncertainty . -
© . Ehise [do/dQ* (e (M,))], = Cia. (M) + Coar, " (M)
- cos Y,k <0,
10 2 <t 15 for as |
o i >  Small uncertainty of as
0 T 0t "~ (main concern is theoretical part)

LLWI2007

Q’ (Gev?) is obtained from Q2>5006eV? and R=1
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A 01 O

as running is clearly seen

2 T
e ZEUS 82 pb™
P o from inclusive jet cross section
== QCD " 0.22_ .
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Consistent with PDG'2006: as(Mz) = 0.1176 £=0.002
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3-jet in DIS for low x

2 forward jets

- Low x DIS

- DGLAP (kt ordering) Jet
may be insufficient
to describe g radiation &,

. 3-jet in DIS
- Low Q2% 5 < Q?< 80 GeV?
- Low x: 104 < x < 10-2
- 2 jets in forward

e’ Qward jets o
- Sensitive to g radiation ~ R

Jet

eje'r < 200
Xijet = Eje‘r*/Ep,beam

Fixed order QCD prediction, '
O(os®) is greatly improved
from O(as?), but still
discrepancy exists at small x
—>Unordered gluon radiation

central

forward

_______

B O(o3)
...... 5 O(Otsz)

E H1 preliminary

2| =4 Data 99/00

would play a significant role  » —
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Four jets in photoproduction

e(k) e(k’)
4jet direct \i:q . .
(»}j,nee level) A MUH’I-JZT at HERA
<4
O(aos) fooi ¢ Testof pQCD
o in higer orders of o

Proton Proton remnant

» Can adjust multi-parton
inferaction model to
agree with data
ST

> MPI - r'el(ﬂ'ed to LHC

) Y energy

Fow (underlying event)

Y remnant

Schematic view
of MPI MPI

Proton remnant

Proton
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Antideuteron production in DIS

Q2> 1 GeV?

: : ZEUS |.) 120 pb-!
Antideuteron production: (prel. P :
- Studied in nuclear 10° dE/dx(mips)>2.5

experiments (PHENIX 1

etc.), but not well known 1° :

for elementary particle 1

collisions 10
Search in DIS first time ' | T ST
- Mass was calculated | ' | T

from dE/dx, p

- SAF!g%uZS\iXDCA to beam Y ’ 1 ol a3 } ]
- First observation of 20
antideuteron in DIS o h s
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DCA (cm) V4 (cm)

vertex
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d/p, p/p ratios in DIS

ZEUS Q> 16ev®
. o 10" g LN B IR NN EURLLILES LR~
R?hos were measured B E + ZEUS (DI S
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of efficiencc}/ for P T el _
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Summary

Selected topics on recent results from
hadronic final states at H1 and ZEUS were presented

Hadronic final states allow various tests on QCD |

Scaled momentum in DIS in wide kinematic range
- validation of fragmentation function

Inclusive jet at high Q2 DIS

- measurements of strong coupling constant as
3-jet in low Q2 DIS

- QCD at low x

First observation of 4-jet in photoproduction
- tuning of multi-parton interaction model

First observation of antideuteron in DIS

- understanding of hadronization, coalescence
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os measurements at HERA

o Inclusive jet cross sections in NC DIS
exp. uncert. U ZEUS prel. (contributed paper to EPS05)
o Inclusive jet cross sections in NC DIS
""""" H1 prel. (contributed paper to EPS05)
— - Multi-jets in NC DIS
"""""" H1 prel. (contributed paper to EPS05)
—— Multi-jets in NC DIS
""""" ZEUS (Eur Phys Jour C 44 (2005) 183)
A Jet shapes in NC DIS
"""""""" ZEUS (Nucl Phys B 700 (2004) 3)
-o— Inclusive jet cross sections in yp
""""" ZEUS (Phys Lett B 560 (2003) 7)
#———a——— Subjet multiplicity in CC DIS
"""""" ZEUS (Eur Phys Jour C 31 (2003) 149)
i Subjet multiplicity in NC DIS
"""""""" ZEUS (Phys Lett B 558 (2003) 41)
PP NLO QCD fit
""""" H1 (Eur Phys J C 21 (2001) 33)
—a— NLO QCD fit
""""" ZEUS (Eur Phys Jour C 42 (2005) 1)
—i— NLO QCD fit
"""" ZEUS (Phys Rev D 67 (2003) 012007)
——+ Inclusive jet cross sections in NC DIS
""""" H1 (Eur Phys J C 19 (2001) 289)
= Inclusive jet cross sections in NC DIS
""" ZEUS (Phys Lett B 547 (2002) 164)
gt Dijet cross sections in NC DIS
""""" ZEUS (Phys Lett B 507 (2001) 70)
[P HERA average
""""" (hep-ex/0506035)
—e—i World average
(S. Bethke, hep-ex/0407021)
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